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PREFACE

This volume represents detailed technical material
supplementing and supporting Volume I, Summary Report. For
the convenience of the reader, some of the material from
Volume I has been duplicated here to minimize cross refer-
ences. Distribution of this volume is very limited in com-
parison with that of Volume I.

Section 5 describes the application of continuous
watershed simulation models in the study, and Section 6
presents detailed results of the sensitivity analysis, the
study's principal task. Portions of watershed model simu-
Jation run outputs are presented in Appendices A, B, and C.
Abstracts of related technical articies appear in Appendix D.



SECTION 5

[
}

- : WATERSHED SIMULATION MODELS

‘ This section is intended to describe how continuous simulation models
of watersheds were used in performance of the study. The models' under-
lying theory and inner workings are discussed only to the extent necessary
to explain their application as study tools.

5.1 WATERSHED MODELING AND STREAMFLOM FORECASTING

That aspect of hydrology known as streamflow forecasting undertakes
to predict the outflow from a river basin, in terms of flow rate as a
function of time, in response to a given precipitation event under given
initial conditions. This capability is vital to effective planning for
urban/industrial development, flood control, hydroelectric power, navigation,
and water resources management.

Figure 5-1 depicts the cross section of a somewhat idealized rural
catchment and identifies the principal phenomena at work in the rainfall-
runoff relationship. The input (precipitation) is partially intercepted
by vegetation and water retention areas. ‘Moisture reaching pervious
surfaces divides between overland flow, infiltration, and evaporation.
Through subsurface processes, interflow, and groundwater flow contribute
ultimately to streamflow, with some losses due to transpiration through
plant 1ife. In certain regions, in winter, moisture is stored in the form
of snow.in portions of the basin, and melts to produce additional moisture
movement in spring.

A11 the phenomena involved in this portion of the hydrologic cycle
are widely and well understood qualitatively, and several empirical
relationships have been developed from a combination of theory and experi-
ment. The relationships are numerous, many of them are nonlinear, and
they are interrelated. Manual solutions for streamflow by manipulation
of such a set of equations are inefficient and so time consuming as to be
of little value in an operational situation. Individuals and organizations
responsible for streamflow forecasting have turned to watershed models as
effective tools for their work. Development of such models has been
facilitated by the increasing availability of large, high-speed computers.

The study contract required that the model used (1) describe the
_various hydrologic processes directly involved with or related to runoff
“and the water balance of a representative watershed, and (2) be of a

' type that has a capability for providing an assessment of how well remotely
sensed measurements from spacecraft or aircraft can be used to study or
specify the hydrologic processes occurring within the watershed. The first
criterion immediately excludes the entire class of stochastic models,

- which obscure the cause and effect relationships among the conditions and
hydrologic processes in the watershed. The model to be used in the study
must therefore be a parametric model, so called because its operation
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depends upon quantification of several parameters which represent
coefficients and exponents in the equations implemented in the model.
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Figure 5-1. Cross Section of Idealized Rural Catchment

5.2 THE STANFORD WATERSHED MODEL (SWM)

The Stanford Watershed Mode]] is probably the best known of the para-
metric hydrological modeis and, in all its modifications, is probably the
most widely used. Since it was originally published in 1962, several
reports have appeared in literature describing modified versions and
applications (References 2 through 8, and others). As a proven tool it
was attractive to the study team for several projects dealing with
applications of remote sensing to hydrology.
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The Stanford Watershed Model uses a moisture accounting system to
synthesize a continuous hydrograph* from the following:

1. Recorded climatological data, precipitation, evaporation, and
{for snowmelt situations) temperature,

2. Measurable watershed characteristics such as drainage area
and friction of the watershed in impervious surfaces, and

3. Parameters used in the computation process which are known
to vary in magnitude among watersheds but have not been
quantitatively tied to specific measurable watershed properties.
For example, one parameter indexes the capacity of the soil of
the watershed as a whole to retain water.

The third class of inputs requires a trial and error series of cali-
bration runs to quantify a set of model parameters which will synthesize
flows with acceptable accuracy.

Figure 5-2 depicts the accounting of moisture entering the watershed
until it leaves by streamflow, evapotranspiration, or subsurface outflow.
A series of relations, each based on empirical observation or theoretical
description of a specific hydrologic process, is used to estimate rates
and volumes of moisture movement from one storage category to another,
in accordance with current storage states and the calibrated watershed
parameters. The model routes channel inflow from the point where it enters
a tributary channel to the downstream point for which a hydrograph is
required. : .

5.3 KENTUCKY WATERSHED MODEL (KWM) AND OPSET PROGRAM

The Stanford Watershed Model was originally written in the Burroughs
Computer Language (BALGOL) then in use at the Stanford Computer Center.
It has subsequently been transiated into Fortran IV, and a number of adapta-
tions were introduced in one version to suit the climate and geography of
Kentucky as representative of the eastern United States. In a recent (1970)
vesearch program a version of the model using.an initial set of model
parameter vatues and number of control options was developed for use with
a self-calibrating streamlined version of the model. These models are
referred to as the Kentucky Watershed Model (KWM) and OPSET (because it
estimates the OPtimum SET of model parameters). The availability and
utitity of these models and reports describing them led to their use by
IBM in a previous project. :

*A hydrograph is simply a plot of streamflow in volume per unit time or
river height as a function of time. See Reference 9, Chapter 9.
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'5.3.1 KENTUCKY WATERSHED MODEL

Figure 5-3 Tists the principal inputs (exclusive of control options)

used by the Kentucky Watershed Model to simulate streamflow. Climatological
data can be obtained from precipitation records or can be hypothetical, the
latter being useful in generating rainfall-runoff predictions. The inputs |
classed as "Overland Flow Parameters" and "Watershed Parameters” are readily
obtainable from analysis and interpretation of images (maps and/or photographs).
The inputs on the right side of the figure are estimated in the calibration
phase by OPSET. Some additional manual calibration is necessary to develop

a set of model parameters that best represent the watershed.

5.3.2 OPSET AND CALIBRATION

When a user applies a simulation model to a watershed, there are
several parameters whose values he must initially guess and subsequently
adjust, between trial runs of the model and comparisons of synthesized with
observed flows. This trial and error calibration requires ingenuity, under-
standing of the sensitivity of simulated flows to specific parameter adjust-
ments, The process is aided greatly by a thorough understanding of the
' hydrologic process and by the guidance published by Crawford and L1ns1ey1’2.
- Through careful parameter adjustment, one can cause simulated flows to
approximate recorded flows but never to match them exactly. Several combi-
nations of parameter values can produce comparable results from an overall
viewpoint, and the final choice may well hinge on whether a particular
comparison emphasizes flood peaks, annual runoff volume, or some other
hydrograph feature. The final acceptance of a set of parameters may depend
heavily on subjective factors. :

In developing OPSET, Liou!] provided a tool for calibrating the KWM
with a minimum of subjective decisions. The parameter optimization concept
is depicted in flow chart form in Figure 5-4. The input data consists of
control options and initial conditions as well as the inputs listed in
Figure 5-5. A simulation is performed, one year at a time, using a
nctpeamlined" KWM. The synthesized flows are compared with the observed
flows. An objective function is used to determine when an optimum set of
parameters has been found. If the best match has not been achieved,
parameters are again adjusted and the simulation run again. This sequence
is repeated until a satisfactory parameter set has been quantified.

Figure 5-5 also 1ists the 13 outputs of OPSET, in addition to simulated
streamflow. (Comparison with Figure 5-3 shows the relationship to KWM.)
These parameters are the most difficult to measure directly and ones to
which simulated flow values are sensitive. The calibration process should
be based on three separate water years for the same basin. Simulation
model parameters are then derived by averaging the results of the three
calibration runs. A minor modification to OPSET has been implemented to
generate a more precise Base Flow Recession Constant. (BFRC). As it is
presently designed, OPSET estimates parameters which produce accurate
simulations of major winter storms (with respect to flood peak magnitude
and timing) but misses summer and autumn storm peaks by significant factors.
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Manual adjustments are required to achieve accurate simulation in the
Tatter. "An improvement in OPSET efficiency could be achieved by modifying
it to calibrate on the basis of several consecutive years rather than one
year at a time.

5.4 THE NASA-IBM SYSTEM FOR SIMULATION AND ANALYSIS OF WATERSHEDS

It is common experience in the use of sophisticated simulation models
that most time and manpower are not consumed by actually running the models
but by (1) acquiring and formatting data and parameters, (2) setting up the
program and data decks, and (3) searching through printouts to summarize
and evaluate results. When sensitivity analysis was first undertaken in
a previous study, involving a separate simulation run for every input or
parameter perturbation, it was soon evident that the manpower, time, and
data card storage requirements would quickly become exorbitant. This
problem was overcome by implementing a system of computer programs and
operating techniques, built around the OPSET calibration program and the
Kentucky Watershed Model (KWM) to provide a high degree of automation.

The system as used in the study is illustrated in Figure 5-6. The
input temporal data may be real or hypothetical. (The Tennessee Valiey
Authority, for instance, has an effective stochastic precipitation generator
program.} The input decks for all subwatersheds are generated first; this
is a compilation of the hourly precipitation, daily evaporation, reference
daily discharge, daily temperature, snow cover, and selected storms for
each season. If a regional watershed model is to be implemented, all the
subwatershed decks are integrated into a master watershed input deck that
represents the regional watershed. The master watershed deck is then
committed to disk storage to permit operation from a remote terminal.
Reference data sets {instead of observed historical data) can be established
by a simulation run for each subwatershed. This composite reference data
set will constitute the baseline for the sensitivity analysis.

5.4.1 WATERSHED MODEL DATA BASE

Simulation of a watershed requires (1) acquisition, formatting and
integration of a historical data base, (2) quantification of some of the
model parameters from direct observation, measurement and application of
empirical relationships, and (3) calibration, the adjustment of the
remaining parameters to achieve an acceptable match between simulated
(synthesized) and actual streamflow. After calibration, the system may be
used to predict streamflow resulting from any given precipitation event.

5.4.1.1 Historical Data

The historical data base for the system is constructed from the
following types of data.

-# Precipitation records - hourly and daily

e Stream stage charts - actual strip chart hydrographs

5-9
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e Rating tables for conversion of stream stage charts from height
(feet) to flow rate (cubic feet per second, cfs)

e Daily streamflow (discharge) records

» Temperature records - maximum and minimum each day (used with snow
routine only)

e Evaporation data - three options:
- Daily evaporation aﬁd monthly pan coefficients; or

- Total annual evaporation, mean annual number of rainy days
and estimated potential annual evapotranspiration; or

- Average daily evaporation values over ten-day periods through
the year and monthly pan coefficients.

e Snowmelt data arrays

Data are converted from published documents or charts or magnetic tape,
to digital formats suitable for input to the calibration and simulation
programs.

5.4.1.1.1 Hourly Precipitation Data

Hourly precipitation data in digital form is the primary input to
KWM and OPSET. In a very small watershed having its own hourly precipi-
tation gage one can with reasonable safety assume that the gage reading
applies uniformly to the entire watershed. This assumption (which is
implicit in both programs) departs from reality more and more with
increase in watershed size. It has been necessary to implement a method
whereby several precipitation records are used to synthesize a single hourly
rainfall history for each watershed or subwatershed.

The number of precipitation stations associated with any given water-
shed may vary from one station located 20 or 30 miles from the watershed
centroid to 5 or 6 stations located within or closely adjacent to the
watershed boundaries. Typically, a watershed will have one or two hourly
stations, and one or more daily stations. In addition to the varying
distances of these stations from the centroid, the reading time for the
daily stations might be different. It is also quite likely that data will
appear from the several gages in both magnetic tape and tabular formats.
The Tatter must be manually extracted from the tables and converted to
punched data card format.

The precipitation gage outputs are assigned weighting factors, using
the Thiessen technique?s13, in accordance with their physical locations
relative to the basin centroid. A software program developed by IBM
automatically performs the interpolation and correlation of the precipi-
tation data. This program accepts all precipitation data, the reading
time for each daily station, and the weighting factor developed from the

5-11



Thiessen Analysis, and produces an hourly percipitation record for the
applicable water years associated with a given watershed. This hourly
precipitation data record is then used as one of the climatological inputs
required by the models.

5.4.1.1.2 Daily Discharge (Streamflow) Data

Daily discharge data is the average volume in cubic feet of water
per second that flows past the stream gage during a 24 hour period. This
data exists on magnetic tape and/or written tables for all stream gages
in the Tennessee Valley. The data format which exists on magnetic tape
must be altered to be compatible with the simulation model. Where the
data exists in written tables, it is necessary to manually extract that
information, convert to punched card format, and develop a Tisting com-
patible with model requirements.

5.4.1.1.3 Flood Hydrographs

For operation of the OPSET program it is necessary to select up to
five flood hydrographs for each of the years for which the model is to
be calibrated. This requires & manual search of precipitation and discharge
records to select storms useful to the calibration. The digitized input
data include the number of hydrographs chosen and three parameters related
to each hydrograph: day of occurrence of the flood peak, hour of occurrence
of the flood peak, and flow rate at the peak. These hydrographs parameters
are essential for the OPSET program to determine watershed model routing
parameters, so that total flows will represent accurate predictions, with
respect to the time of occurrence of hydrograph peaks as well as the total
volume of flow for a given period of time. In practice the selected storm
hydrograph parameters are not available in daily discharge records. It is
necessary to obtain them from the strip charts produced by the stream gage
recorders. Rating tables are also digitized and stored for conversion of
gage height readings into flow rate.

The procedure employed to obtain this data requires manual analysis
of each strip chart and manual recording of the rise and fall of the stream
gage on an hourly basis. The time frame should extend from midnight of
the day in which the storm occurred until some time at which the stream
height returns to or approaches its initial stage. This hourly height
recording is then formatted for entry into the computer where a subroutine
will fetch the appropriate rating table into memory and convert the data
to cubic feet per second. This flood hydrograph data is then in a usable
form when required by the simulation model.

5.4.1.1.4 Evaporation Data

Evaporation data appear in Climatological Data publications of the
National Weather Service. Unfortunately, the number of pan evaporation
stations is to limited to provide complete coverage. The nearest
evaporation station may be as much as 100 miles from the watershed.
Additionally, the station may be associated with a large lake or reservoir



which has evaporation rates different from those of an interior watershed

in a predominately mountainous region. Preparation of the evaporation data
is similar to that for daily discharge data in that the rates and pan
evaporation coefficients are read from published tables, punched onto cards,
and a computer-compatible 1isting generated for the identified watershed.

The nearest.evaporation pan may be too far away for the daily weather-
related fluctuations in evaporation totals to be indicative of conditions
over the watershed. In that case, or if one simply wishes to aveid having
to compile daily evaporation totals, pan evaporation totals may be read as
average values over fixed ten-day periods. The model has been programmed
to adjust the potential evaporation total during rainy days {rainfall equal
to or greater than 0.01 inch} to half what it would be if no rain occurred.

A second alternative is available, useful where a large number of
watersheds are to be modeled in an area where a single evaporation pan is
used. In this case (as in the regional watershed model), estimates of
the potential average annual lake evaporation and the mean annual number
of rainy days may be used. A control option causes a special program to
" calculate measurable rainfall.

5.4.1.1.5 Temperature Data

Minimum and maximum temperature readings are required for each day

- of the water year, if the snowmelt routine is used. Since air temperatures
vary over a watershed, recorded temperatures, preferably from a station
within the basin, are adjusted by the main simulation program to mean

basin elevation. The temperature data are published by the Natjonal Weather
Service. .

5.4,1,1.6 Snowmelt Data Arrays

If snow and snowmelt are important processes in the watershed modeled,
the snowmelt subroutine is used, and the following data arrays are required.

o FIRR - The fraction of incoming radiation reflected by a snow
surface as a function of age. This array of 15 values is used
to adjust snowmelt rates as snow surface albedo changes with age.

e RICY - Radiation incidence over the calendar year. The RICY
data array is an array of 37 values each representing an
adjustment factor to the snowmelt rate for each 10-day period
during the ca}endar year. In the snowmelt model of Anderson
and Crawford,” which was used in this study, snowmelt is caiculated
on the basis of a degree day heat input to the snow pack.

e DPSE - Dated potential snow evaporation. In the Stanford Snowmelt
Model, evapotransipration and evaporation from the snow surface are
considered separately. The DPSE data array is the data source for
snow evaporation and represents daily snow evaporation for 10-day
periods during the water year. In the calcuations, snow evaporation



does not occur if the daily minimum temperature is greater than
329 or if the snowpack total water content is less than the
daily potential snow evaporation.

5.4.1.2 Parameters

Proper operation of the simulation model requires selection of some
16 control options and 41 parameters, in addition to the historical data
and observed streamflow records (essential for calibration and for
comparison of simulation results with observations). The parameters are
listed below.

the literature

]The]?etvﬁds of quantification are described elsewhere in

Snowmelt Parameters

BDDFSM
SPBFLW
SPTWCC
SPM
ELDIF

XDNFS
FFOR
FFSI
MRNSM
DSMGH
PXCSA

Basic degree day factor for snowmelt

Snowpack basic maximum fraction in liquid water
Snowpack minimum total water for complete basin cover
Snow precipitation multiplier

Elevation difference between base temperature station
and mean basin elevation

Index density of new fallen snow

Fraction of the watershed forested

Fraction of snow intercepted

Maximum rate of negative snowmelt (chiliing)

Daily snowmelt from ground heat

Precipitation index for changing snow albedo

Watershed Parameters

RGPMB
AREA
FIMP
FWTR

Recording gage precipitation multiplier

Area of the watershed

Fraction of watershed covered by impermeable surfaces
Fraction of watershed covered by water surfaces

S0i1 Water Parameters

VINTMR
BUZC
SUZC
LZC
ETLF
SUBWF
GWETF
SIAC
BMIR
BIVF

Overland Flow

3

1

Vegetation interception maximum rate

Basic upper zone storage capacity factor
Seasonal upper zone storage capacity factor
Lower zone storage capacity

ET loss factor

Subsurface water flow out of the basin
Ground water evapotranspiration factor
Seasonal infiltration adjustment factor
Basic maximum infiltration rate with basin
Basic interflow volume factor

and Interflow Parameters

OFSS
OFsL

Overland flow surféce slope
Overland flow surface length
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OFMN - Manning's n for overland flow
OFMNIS - Manning's n for impervious surface
IPRC - Interflow recession constant

Charinel Routing and Groundwater Parameters

CSRX - Channel storage routing index

FSRX - Flood plain storage routing index

CHCAP - Channel capacity indexed to basin outlet

EXQPY - Exponent of flow proportional to velocity

BFNLR - Base flow nonlinear recession adjustment factor
BFRC - Base flow recession constant

Starting Moisture Values as of October 1

GUWS - Current groundwater storage

UzZs - Current upper zone storage

LZS - Current lower zone storage

BFNX - Current value of base flow recession index
IPS - Current interflow storage

5.4.1.3 Calibration

The calibration process has been summarized previously in Paragraph
5.3.2. The activities normally involved in calibration are shown in
Figure 5-7. Data pertaining to the watershed to be calibrated are fed
into the OPSET program, which is then run to estimate a set of model para-
meters. This step gets the task "into the ball park.! A simulation is
then run using KWM and the IBM analysis/evaluatijon routines. Simulation
accuracy is evaluated with respect to total annual runoff, monthly flow,
daily flow, statistical indices, and selected storm hydrograph character-
istics. Based on these evaluations, parameters are adjusted, and a new
simulation run, followed by another evaluation. This process goes through
several iterations until simulated flow matches observed flow with acceptable
accuracy in all criteria of interest to the analyst. The choice of para-
meters to adjust, direction and magnitude of the adjustments depend upon
the judgment of the analyst. - Sensitivity analyses have produced jnvailuable
guidance to the manual-adjustment activity, reducing the subjectivity and
eliminating the require that the analyst be skilled in hydrology.

At present, it is necessary to repeat the same calibration for the same
same basin for two additional water years and then average parameter values
from the three sets of results before undertaking simulations for other
water years. This procedure could be improved by modifying OPSET to operate
on up to four water years.

The full calibration procedure was not necessary in this study and
consequently was not used. A1l watersheds modeled in the study had
previously been modeled. Calibrated parameter values were available for
both small watersheds and a1l the subwatersheds of the regional watershed.
It was necessary to verify that the models would run with reasonable
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accuracy but not to "fine tune" the parameters. Additionally, the water-
sheds modeled were allowed to be hypothetical but had to be realistic.
Several debugging and verification runs were necessary to assure that the
snowshed and regional watershed models would run in the IBM system.

Totally accurate hypothetical watershed models were created by (1)
selecting the water year for which each model ran best; (2) running each
model with its "best set" of parameters and input data from its best
water year; (3) naming the synthesized hourly and daily streamflow arrays
produced by this run the "reference" streamflow; (4) replacing the observed
streamflow data in the data base by the reference streamflow; and (5)
verifying that the "reference" configuration of the model (using the
reference set of parameters, formerly called the "best set") does indeed
simulate the reference streamflow exactly.

5.4.1.4 Integrated Data Base

After reference configurations have been established and reference
streamflow generated, the entire data base is transferred to an integrated
Master Watershed Data Bank on tape. For:efficient operation in performing
a series of simulation runs, the integrated watershed data base is trans-
ferred to disk storage, as indicated in Figure 5-6.

5.4.2 SIMULATION PROGRAM QUTPUTS

There are a variety of outputs available from the simulation program
in the NASA-IBM system. The operator and analyst can choose those which
best suit his needs from the following.

¢ A tabulation of hourly synthesized streamflow, with daily
values for the following:

- peak flow and time of peak

- snowpack depth

- snow total moisture density

- snow albedo index

- total accumulated negative snowmelt
- snowpack liquid water content

¢ A table of monthly annual totals, similar to that shown in
Figure 5-8ﬂ

e A yearly statistical summary, as shown in Figure 5-9.

e A table of mean daily reference streamflow, with monthly
and annual totals.
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YEARLY STATISTICAL SUMMARY

MONTHLY CaLLY
FEFLRENCE STMULATED REFERENCH SITMNA Tew
HEAN 2914,90 10085,59Q 325,06 33u. 45
MAX I UM 32757,35 34005.84 5430.90 6017422
MARIENC® 110596272, 00 117735280, 00 429042.81 s01067.06
STANCARD DEVIATION 10516.48 10850.59 655.01 115,29
SUM OF (REFERTNCT ~ SIMULATZD) —2047.31 —2047.32
200T SUM SQUARF 2630.77 3268.%4
SUM SQUARED 0.39 54,14
SUM SQUARED {IBM METHND] 0.31 %6.30
CORRZLATION COEFFICIENT 0.997% 0.9855
Figure 5-8. Example of Yearly Statistical Summary.
SUMMARY OF MOMWNMTHLY aND ANNUAL TOTALS
act NDV DEC JAN FEB MAR &PR MaY JUNE JuLy AUG SEPT ANNUAL
PRECIAITATION 0.100 4.580 3,790 6,320 3,570 11.240 9.140 3.670 3.810 T7.010 3.090 L.910 58.230 1IN
“YPFTRAN-NET 0.317 1,106 D0.412 0.451 1,034 1,584 2,583  3.666  3.082  4.368 3,320 1.8l0 23.714 [N
—OTTENTI AL 2.296  1.155  0.412 0,451  1.034 1,584  2.772  4.753 3,836  5.024  4.545 2.891 30.753 IN
SURSACE RUNQEE 0,000 0,347 0,123 3.431 0,834 5.92L 3.314 1,405 0,549 1,337 0,232  0.0L5 172510 [N
TNTERFLOW 0.0 0.0 0,010 0.306 0.268 0.917T 1.017 0.214  0.000 0.043 0.0 0.0 Z.774 IN
pAST ELAW D000 0,212 0,652  1.490  1.230  2.133 2,366  1.315  0.564 1,063  0.530  0.13] 11,666 IN
STREAM FVaP. 0.000 0,091 0,000 0,000 0.001 0.002 0.003 0.005 0,004  0.005 0.005 U.004 0.028 IN
TOTA{ PURNFF{SIM) 0,000 0,554 ___ 0,785 5,227 2,331 8,969 _ 6,674 2,929 _1.109 2,438  0.758 _ 0.l4%
TOTAL PUNOFFIPEF) 0.0 0.370 0.791 4,798 2.434 8,640 L.HR3 3.248 1.100 2269 0.861 0.1388 31.382 IN
AEFTRENCY TNTALS 0.0 1401.6 3000.0 18189.9 9228.8 3275744 25336.6 12314.6 4170.2 8604.3 3264.1 Tll.6 L18978.8 CFS§
SIMULAT-D TQOTALS Q.0 211%.8 297B.00 198]15.,% B8A3T. T 34009.8_ 25302.3 11104.3 4206.3 92546G.3 2813.1  544.3 121046 F
PALANCE -0.0117 [INCHES o

MONTHLY FLOW CORRELATION COSFRILEENT

MEAN DATLY TLOW CORRELATION CORFFICIEMT

Figure 5-8. Example of Monthly and Annual Totals

0.9979
0.9855
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o A table of meanidai1y simulated streamflow, with monthly and
annual totals. | ‘ - _ ‘

e A table of monthly mojsture stdrages'and indices.
f. R .
e A table of flow durdation and error statistics.

e A list of the 20 highest clbck hour rainfall eQenfs in the
water year. .

e A list of the 20 highest clock houf overland flow runoff events
in the water year.

o A table of daily soil moisture.

e A comparison table of storm events, reference and simulated,
with respect to peak flow, time of peak, and runoff, one table
per storm event.

e Total daily and monthly statistical summary.

e Print-plots for total year, each month and each storm event.

¢ Tapes of data for SC-4020 plot ocutputs for total year, each
month and each storm event.

gxamples of the outputs are included in Appendices A, B, and C.

5.5 WATERSHED SIMULATION IN THIS STUDY

The system described in the previous paragraphs is directly applicable
to the Town Creek and Alamosa Creek watersheds. Application to a regional
watershed required additional programming.

In order to analyze a regional watershed and maintain a realistic
configuration the watershed must be subdivided into subareas. The Hydro-
logy Office of the National Oceanic and Atmospheric Administration {NOAA)
has lately developed and proven several subroutines which wié1 synthesize
a complete river system from a number of "small" watersheds.® The size of
the system that can be simulated is virtually unlimited. During a single
pass through the programs, the system size is controlled by the dimensions
of the climatological input array, model parameter. array and channel inflow
(runoff from the land phase) array plus the dimensions of the channel reach
parameter and storage array, and the simulated and observed flow array.
However, by recycling the program and using downstream outflows from one
pass as upstream inflows for the next, a very large river system can be
simulated. ‘



A representative stream system is shown in Figure 5-10 to illustrate
the flowpoint numbering system used in the programs. In this illustration,
flow is being computed at seven points during this pass of the program;
there are also two upstream inflows from outside the area. For points where
flow is computed, the flowpoint number must be greater than that of the
points upstream. Then flow needed as inflows to a Jocal area will have
previously been computed, since the program computes flows in sequential
order. Since upstream inflows from outside the area have been computed
previously, they are assigned numbers at the end of the string and can
provide the rule that upstream inflow points must have a flowpoint number
less than the downstream flowpoint.

The runoff from the Jand phase of the hydrologic cycle {channel inflow)
is computed independently from the channel system. To unite the two systems,
it is necessary to assign to each channel reach the area or area from which
it is to receive channel inflow.

HEADWATER

HEADWATER

UPSTREAM
INFLOWS

FROM OUTSIOE

AREA

LEGEND

A& - FLOWPOINT

(3) - FLOWPOINT NUMBER

FOR SUBROUTINES
HEADWATER
-

Figure 5-10. Flowpoint Numbering for River System Simulation

Examples of simylation run results for the Town Creek, Alamosa Creek
and Pearl River watersheds are shown in Appendices A, B, and C, respectively.
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SECTION 6
SENSITIVITY ANALYSIS
6.1 METHODOLOGY

The inputs to the Sensitivity Analysis Task are a set of watershed
parameters, climatological data, and a "reference" streamflow record from
the modeling task. Sensitivity Anmalysis consists of (1) changing a model
parameter or input, (2) running the simulation model and printing out
the performance indices which indicate the deviations between the reference
record and the simulation output, (3) evaluating the results and then repeat-
ing the steps after selecting another input perturbation.

The total number of simulation runs was 442: 166 for Town Creek, 137
for Alamosa Creek, and 139 for Pearl River. In the case of the regional
watershed model, a printout was produced for every one of the 12 subwater-
sheds. The study team analyzed a total of 1971 printouts and an uncounted
number of plots. Each one of 46 different inputs and parameters was
tested at from two to ten different perturbed values. Not all were tested
on all watersheds; the snowmelt parameters, for example, do not apply to
the Town Creek and Pearl River models. : ,

- 6.1.1 PERFORMANCE INDICES

The performance of a watershed simulation model may be judged differently
by different potential users, each with a particular application in mind.
One may be interested in the effect of a parameter variation on Tow flow,
another on total annual flow, a third on magnitude and timing of hydro-
graph peaks and total runoff resulting from storm events in a particular
season. Varying a particular parameter may have a pronounced effect on
some of these indices and not on others. It was therefore deemed advisable
in the sensitivity analysis task to provide in the tabular summary outputs
indicators of the following: '

e Storm runoff and percent variation from reference runoff for a
selected storm event in each season, for each headwater SWS of
the regional watershed and the two small watersheds.

e Monthly runoff for October, January, April and August and percent
variation from reference for each of those months for the regional
watershed.

8 Variation from reference low flow.

¢ Variation from reference annual flow.
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6.1.2 SENSITIVITY ANALYSIS TABULATIONS

Unit sensitivity is defined as (percent change in performance index) ¢
(percent change in parameter). It was adopted to provide a basis for com-
parison of the sensitivities of the models to variations in its several
different parameters. It departs from corresponding concepts in perturbation
theory because many of the percentage perturbations used in the study are
large, and the sensitivity curves are non-linear. The concept served well
as an initial indicator of the relative influences of the parameters.

Fach simulation run was assigned an identification number, and its
results were entered into two tables, examples of which are shown in Tables
6-1 and 6-2. In table Type I, one for each of eight watersheds, the effects
of all perturbations of a given parameter in one basin model are summarized.
In table Type II, the effects of a single parameter perturbation in eight
basin models are shown. Tables have been prepared for 26 parameters and are
included in this volume under heading 6.3.

6.1.3 SENSITIVITY PLOTS

The numerical results, in terms of unit sensitivities, showed considerable
variation from one performance index to another within a given basin as
well as from one basin to another for a given performance index; the
former are largely seasonal effects. A better assessment of results was
achieved by constructing sensitivity plots like those appearing in Figure 6-1.
In each of them, the abscissa scale is the percentage variation in the input
parameter, and the ordinate scale is the percentage variation in performance
indices (runoff}. Plots have been prepared in several combinations for 26
parameters and are included in this volume under heading 6.4.

6.2 SUMMARY OF RESULTS

0f all the parameters and inputs tested and analyzed in the study, 26
are listed in Table 6-3, which shows the permissible tolerances found for
each parameter, the effect of its variation on runoff, its relation to
watershed geomorphology, how it can be determined from remote-sensed data
or other data source, and the image resolution corresponding to the permis-
sible tolerance, if applicable.

The parameters and inputs tested but not listed in Table 6-3 were found
hot to produce a meaningful result when varied or to be of negligible
effect. An example of the first is the area of the watershed itself. Chang-
ing the area by a given factor simply changed the runoff by the same factor
for all basins in all seasons. An example of the second {no effect) is the
overland flow roughness coefficient (Manning's “n") for impervious surfaces,
designated OFMNIS. The range of values it is normally assigned is from 0.013
to 0.017, and varying it from 0,001 (-93%) to 0.5 (+3233%) in the regional
watershed model produced negligible change in simulated runoff. This is
logical, because in every watershed modeled, the portion of basin area
covered by impervious surfaces is less than 10% (as it would be expected
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: TABLE 6-1

SENSITIVITY ANALYSIS OF riwe (0.10 Re | ANNUAL R/F =58.23 IN
SMALL WATERSHED 365 SO. KM MP (010 REF.] . EVAPOTRANSPIRATION NET = 24.24 IN
) ) ~ TOTAL OBSERVED ANNUAL R/Q = 31.38 IA
a ‘ N SIGNIFICANT STORMS
‘ A% ‘ 9/27/64
RUN CARAM | pemTUR. | oy 11/4/63 1/23/64 5/1/64 8/14/64 LOW ANNUAL
0 VALUE BATION _ ; FLOW FLOW
FALL . WINTER SPRING SUMMER
! A% OF R/O —809 -4.2 4.4 -395 +3,95 —7.15
. ‘ | srormnr/F 313 219 2.87 2.16 STORM U/S
5000 0.002 —100 |REF.R/O (IN) 0.48 241 2.03 ' 0.43 REF = 7.6 F :‘ g-z:g
= 79 [WTEC i
PERT.R/O (N} 0.8 2.31 1.94 0.26 SIM o . 0.084 '
REF (R/F/R/O)| 680 1.32 141 5.02 SU +0.355
A% OF R/O 326 -2.1 -2.6
STORM R/F 213 319 2.87 2.16 STORM /S -
, : - F +0852 °
DO10 0.05 —50 REF. R/O {IN} D48 | 24 203 0.43 REF= 76 | w +0.082
PERT.R/O (IN)] 0.3 2.36 198 ———— | SIM= | o 40080
REF (R/FA/O)|  6.80 1.32 1.41 5.02 sU
" A% OF R/O +63.0 146 +4.9 +41.9 106 +7.31
STORM R/F 3.13 319 287 2.16 STORMU/S -
" + 0.630
$012 0.20 +100 |REF.R/0 (N 0. : ! ‘ v
y (\ ) 46 2.41 2.03 0.43 REF= 75 | vy +0.048
PERT.R/O (IN}| 075 262 213 0.61 SiM= 72 | o +0.049
REF {R/F/R/O) 6.80 1.32 1.41 5.02 syt 0.419
A% OF R/O +126.1 +8.7 +8.0 -
STORM R/F 313 319 2.87 2.16 STORM U/S
DO13 0.30 +200 |RefF.R/0 (N)| 046 2.41 2.03 043 F +0631
. . REF = 7.6 W + u_m
PERT. R/O (IN} 1.04 2.62 223 e = Sp +0.050
REF (R/F/R/Q) 6.80 1.32 1.41 5.02 sU_—
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Table 6-2. Example of Sensitivity Analysis Tabulation, Table Type I

SENSITIVITY ANALYSIS OF
SMALL, SNOW & REGIONAL WATERSHEDS

FIMP -100% PERTURBATION {0.10 REFERENCE)

-

SIGNIFICANT STORMS
AREA EFAET TPUT Low ANNUAL
WATERSNED| s k) (1N} o FLOW FLOW
FALL WINTER SPRING SUMMER
RUN 10 A% OF R/D 609 42 aa 305 +395 216
5000
/4763 1723764 511764 8718764
stoRmRsF | 14 b o e 9/27/64 | STORMU/S
SMALL 265 45 REF. R/O 0.46 241 202 0.43 REF-76 | F 10608
W +0.042
PERT. R/O 018 23 194 0.26 $IM= 79 | oo sogas
REF (R/F/R/CY &80 132 141 5.02 SU +0.395
gUN D 4% OF R/D -63.9 -35.2 -19.1 -72.3 0.0 -139
b
sToRmA/F | 100887 | di21/58 Sl N STORM WS
SNOw 7 32 REF.R/D 0.077 0.058 1.106 0.124 REF=2g | F *0638
W +0.357
PERT. R/Q 0.028 0.037 0.895 0034 sm= 30 | gp +pam
REF {R/F/R/0)| 383 — 181 8.70 U +0.723
RUK IG MOFRIO | a7 48 13D 700 538 -16.0
AWOS
2% OF oCT JAN APR AUG
MONTHLY R/0] 4.1 5.7 7.8 -67.2 ansfes | STOAMU/S
REGIONAL | 22,248 4 REF. R/0 0.17 1.02 0.54 0.10 REF = 13a9| £ ¥0647
W +0.049
PERT. R/O 0.06 .97 047 0.03 siM= 619 o 401
P 40.130
REFAMONTH-| 5,247 3.785 2743 0.479 Su +0.700
RUN ID A% OF R/O -83.3 -8.0 -20.4 -79.2 +3.0 -15.0
AWDG
T0715/67 176768 2726788 ENTLE
sue. stormesr | 100 v P Gr a/zs/68 | sTORMuU/S
WATERSHED| 2,326 50 REF. R/O 0.24 174 0.93 0.24 REF- 33 | F #0833
NO. W +0.080
1 PERT. R/Q 0.04 1.60 0.74 0.05 SIM= 34 | o page
REF (R/F/R/O)] 9.0 1.10 3.76 118 SU +0.792
RUN ID A%OFR/O | -a57 44 -18.0 -75.8 456 28
RW0E
s stormR/F | 1PM15/67 | 1868 Yasies | T8VSS | apge | sToRMuUss
WATERSHED | 515 50 REF. R/0 .28 225 061 029 REF= 22 [ P 10897
NO. W +0.024
3 PERT.R/O | 004 215 0.50 0.07 sM= 23 | cp 10180
REF (R/F/R/OI] 896 1.38 279 7.62 SU +0.759
ga&m A% OF R/O -80.0 -26 -12.0 -90.5 +26 99
SUB- stoRmAir | PO e Va5 e 9/29/68 | STOAMU/S
WATERSHED| 1 04 EY) REF. R/D 0.10 194 1.00 0.21 REF= 4 | F *0900
0. W +0.026
PERT. R/O .01 189 088 0.02 sim= 5 | g 4120
REF [A/FR/O)| 103 1.05 182 1057 SU +0.905
RUN ID A%OFR/O | -g2a 88 -16.4 727 +26 138
wos
10/15/67 | /8768 4/26/68 8/14/68
SUB- STORMPRIF | 168 2.76 142 295 /088 | STORML/S
"AT:";S“ED 111 0 REF. R/O 0a7 170 073 0.44 REF= 39 | T 0824
0, W +0,088
PERT. R/O 0.03 156 061 042 SIM= 40 | o 1p16a
REF (R/F/R/OI 920 1.62 263 8.70 SU +0.727
RUN iD aorRr/o | -84 89 206 -75.0 0.0 -7
RWO6
SuB. sToRm pf | 1028767 | 17368 e Si2o/8 | onee | stoRmuss
WATERSHED| 3 g1 30 REF. R/O 018 0.79 063 0.04 Aep- g | F 08N
VO. W +0.08%
PERT. R/O 0.07 0.72 0.50 o sim= 9 | g +0206
N E 173 3.03 12.50 SU +0.750
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Table 63, Permissibie Tolerances and Resolutions

INPUT OR PERMISSIBLE EFFECT ON RELATIONSHIP TQ DERIVATION FROM REQUIRED
PARAMETER TOLERANCES SIMULATED WATERSHED GEQ- REMOTE—SENSED IMAGE
o, RUNOFF % MORPHOLOGY DATA OR OTHER RESOLUTION M
SOURACE
IMPERVIOUS +1.4 +10 ROCK DUTCROP— IMAGE ANALYSIS, 100
PORTION OF OF BASIN AREA {FALLI PINGS, STREETS, LAND USE
BASIN AREA HIGHWAYS, URBAN CLASSIFICATION
AREAS
WATER SURFACE +1.5 —16 0 LAKES, PDNDS, IMAGE ANALYSIS; 120
PORTION OF OF BASIN AREA {FALL} RIVERS LAND USE
BASIN AREA CLASSIFICATION
VEGETATIVE +95 -5 TYPE & DENSITY IMAGE DATA CLASSE-- | 200
INTERCEPTION —60 +5 OF VEGETATIVE FICATION AND
MAXIMUM (SUMMER) COVER, TREES, INTERPRETATION
RATE {VINTMR) MEADOWS, ETC.
UPPER ZONE +50 -2.5 SOtL PERMEABLILITY, INFERENCE FROM 500
STORAGE &0 +2.5 OVERLAND SLOPES, LAND USE
CAPACITY {SUMMER) FOREST COVER CLASSIFICATION
{BUZC)
SEASONAL FACTOR | +70 -20 SOIL PERMEABILITY, INFERENGE FROM 100
UPPER ZONE ~30 +20 VEGETATIVE COVER LAND USE
CAPACITY {SUZC} {SUMMER} CLASSIFICATION
LOWER ZONE +14 -10 SOIL ASSOCIATION, INFERENCE FROM 100
STORAGE 15 CH0 VEGETATIVE TYPES LAND USE
CAPACITY (LZC) {WINTER) AND COVERAGE CLASSIFICATION
DENSITY
EVAPOTRANS— +15 -10 VEGETATIVE COVER, IMAGE ANALYSIS; 100
PIRATION LOSS -15 +10 TYPE & DENSITY: LAND USE
FACTOR {ETLF) (SUMME®) ESPECIALLY FOREST CLASSIFICATION
SEASONAL INFIL— +20 - VEGETATIVE COVER, INFERENCE FROM 300
TRATION ADJUST- | —22 +1 S0IL ASSOCIATION LAND LUSE CLASSI—
MENT FACTOR (SUMMER) FICATION {DOUBTFUL;
(SIAC) CALIBRATION NEEDED,
BASIC MAXIMUM +35 -5 501L PERMEABILITY, INFERENGE FROM 150
iNFILTRATION —28 +6 VEGETATIVE TYPE LAND USE CLASSI—
RATE (BMIR) (WINTER) AND DENSITY FICATION
MEAN OVERLAND +200 +0.5 TOPOGRAPHY DIRECT MEASURE— 100 HORI—
SURFACE SLOPE —67 -05 MENT IF RELATIVE ZONTAL,
{OF S} [WINTER) ELEVATION IS 20 VERTICAL
AVAILABLE
MEAN OVERLAND +40 ~0.3 AVERAGE DISTANCE DIRECT MEASURE— 500
SURFACE LENGTH —-35 H0.3 FROM RANDOMLY MENT IF STREAM—
(OFSL) (WINTER} SELECTED POINTS TO LINES ARE
NEAREST STREAMS DISCERNABLE
OVERLAND FLOW +80 -05 SURFACE TYPE; IMAGE ANALYSIS; 600
ROUGHNESS —50 +0.6 FOREST AND VEGE— LAND USE
COEFFICIENT (WINTER) TATIVE COVER CLASSIFICATION
{OFMN)
PRECIFITATION +3 +10 ADJUSTS FOR BIAS IN | ADJUST FIELD +3% IN
MULTIPLIER -3 -10 PREGIPITATION GAGE | INSTRUMENT PRECIF.
(RGPMB} (FALL} DATA: NOMINAL VALUE | READINGS FOR MEASURE
151.0 BETTER SIMULATION (B1AS}




Table §-3. Permissible Tolerances and Resolutions (Cantinued)

INPUT OR

EFFECT ON

PERMISSIBLE RELATIONSHIP TO DERIVATION FROM REQUIRED
PARAMETER TOLERANCES SIMULATED WATERSHED GEO- REMOTE—SENSED IMAGE
% RUNOFF, % MORPHOLOGY DATA OR OTHER RESOLUTION,M
EVAPQRATION +5 =10 POTENTIAL AVERAGE | FIELD INSTRUMENTS | 14.5%
DATA (EPAET) 45 +10 ANNUAL LAKE AND/OR CALCULA—
(SUMMER) EVAPORATION TION FROM CLIMATE
DATA
MEAN NUMBER H15 -5 CLIMATOLOGICAL CLIMATOLOGICAL +10%
OF RAINY ~10 +5 STATISTICS STATISTICS
DAYS (MNRD}
(THE REMAINING ENTRIES IN THIS CHART PERTAIN TQ THE SNOWSHED MODEL ONLY .t
PRECIPITATION + 11 +8 ERRORS IN FIELD INSTRUMENTS +11% IN
{PERTUABED -11 -5 PRECIPITATION PRECIP.
ONLY DURING INPUT MEASURE
STORMS) {RANDOM)
EVAPORATION +20 -5 ERRORS IN EVAPORA— | FIELD INSTRUMENTS | +20%
(PERTURBED -20 +% TION DATA AND/OR CALCULA—
ONLY DURING TION FROM CLIMATE
STORMSI DATA
TEMPERATURE +2.3 +20 ERRORS IN FIELD INSTRUMENTS N/A
{PERTURBRED —40 -20 TEMPERATURE OR FUTURE REMOTE
ONLY DURING DATA RADIOMETRY
STORMS}
FRACTION OF +15 —20 SNOW SURFACE CALCULATION IN THE | N/A
INCOMING —-12 +20 ALBEDO: INDE— MODEL FROM SNQW
RADIATION PENDENT OF SURFACE AGE; |
REFLECTED GEOMOPHOLOGY RADIOMETRY IN
BY SNOW (FIRRI FUTURE -
BASIC DEGREE +36 +20 MATHEMATICAL SIMULATION . N/A
DAY FACTOR -1.6 -20 CONSTRUCT; NO MODEL CALIBRA—
FOR SNOWMELT RELATION TO TION; NO REMOTE
(BDDFSM) WATERSHED SENSING
GEOMORPHOLOGY APFLICATION
SNOWPACK +16 -10 SNOW PHYSICS; SIMULATION N/A,
BASIC MAX[— -135 +10 NO RELATION TO MODEL CALIBRA-
MUM FRACTION WATERSHED TION; NO REMOTE
IN LHQUID WATER GEOMORPHOLOGY SENSING
(SPBFLW) APPLICATION
SNOWPACK _ +0 -1 SNOW PHYSICS; NO SIMULATION MODEL NiA
MINIMUM TOTAL -325 +1 RELATION TO CALIBRATION; SOME
WATER CONTENT WATERSHED FUTURE REMOTE
(SPTWCC) GEOMORPHOLOGY SENSING APPLICATICN
ELEVATION +20 28 BASIN TOPQO— DIRECT MEASUREMENT| 30
DIFFERENGE -125 +28 GRAPHY I\F RELATIVE ELEVA— | VERTICAL
BETWEEN BASE . . TIONS ARE AVAIL—
THEROMETER ABLE
AND MEAN
BASIN ELEVATION
{ELDIF)
FRACTION OF +25 +10 TYPE AND DENSITY IMAGE DATA CLASSI— | 500
SNOW INTER— 25 —10 OF FOREST FICATION AND
CEPTED (FFSI) INTERPRETATION
FRACTION OF +25 +2 TYPE AND DENSITY IMAGE DATA CLASS!— | 200
SNOW INTER— -1 -2 OF FOREST FICATION AND
CEPTED (FFSI) INTERPRETATION
PRECIP, INDEX + 60 +24 SNOW PHYSICS; NO SIMULATION MODEL NiA
FOR CHANGING -1 —-10 RELATION TO CALIBRATION;
SNOW ALBEDO WATERSHED RADIOMETRY (N
{PXCSA) GEOMORPHOLOGY FUTURE
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of nearly any basin except small, highly urbanized ones). This small value
of impervious area prevented varying OFMNIS from having any effect.

Several remarks on the information contained in Table 6-3 are in order,
and they appear in the following paragraphs.

The permissible tolerances shown in the second column were generally
estimated from plots such as the one shown in Figure 6-1. Some judgments
and compromises were necessary because of nonlinearities in many of the
response curves. The same is true to a greater extent with respect to
the effect on simulated runoff appearing in the second column. The image
resolutions estimated in the sixth column are believed somewhat conservative,
more stringent than actually may be required, pending. further study. Most
of them depend upon the basin size; if one is interested in observing and
simulating watersheds of areas not less than 50 square kilometers, the
image resolutions can be relaxed considerably. Another consideration which
enters into the estimation of required image resolution is the likelihood
that parameters of interest (such as the impervious fraction of basin area)
may consist of scattered small areas rather than be concentrated into a
single larger one, the latter condition reguiring less stringent resolutions.

The comments in the fifth column on the derivation of parameters from
remote sensing should generally be regarded as optimistic. Although many
of the derivations indicated are feasible, considerable maturing of several
image analyses and interpretation techniques will be needed to make the
applications operational. The applications are presently practical for
quasi-permanent features such as land use and vegetation, but optimistic
with respect to inferences about soil characteristics and subsurface
conditions.

In the early days of the sensitivity analysis, some problems were
encountered with respect to the impervious portion of the basin area (FIMP)
and water surface portion of basin area (FWTR). In all the basins used in
the study these parameters were of such small value that very large percentage
variations in them caused very small variations in simulation model outputs.
Because they are both excellent parameters for determination from remote-sensed
data, special reference simulation runs were made with each of them separately
set to .10 (that is 10% of the total basin area). Sensitivity analysis runs
were then made based on departures in FIMP and FWTR from these special
reference values, in order to get a more meaningful assessment of their
effects on simulation model operation.

In the operation of a simulation model, it is necessary to assume that
the measured precipitation inputs accurately represent the actual precipi-
tation over the basin, even though the operator is morally certain that
this is not the case. In order to test the effects of errors in precipitation
input, several runs were made in which the effect of changing preciptiation
was achieved by assigning values other 1.0 to the recording gage precipitation
multiplier (RGPMB). The unit sensitivities resulting from the simulation
runs were much greater than unity. It was concluded that varying RGPMB is
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equivalent to introducing biases in the preciptiation-inputs throughout the
year, rather than introducing random errors as would normally be expected

in the rain gage network. The effect is one of accumulating errors in soil
moisture throughout the water year simulated, causing the errors in simulation
output to be greater in percentage than the perturbations in RGPMB. It would
be interesting, in a refinement of the study, to test the effect of intro-
ducing errors in the precipitation inputs in accordance with some probability
density function. A very small step in this direction was taken in the
sensitivity analysis involving the Alamosa Creek basin, for which precipita-
tion input was perturbed only during storm events, and left at the reference
value for the rest of the year. The results of this experiment appeared to
be more reasonable.

6.3 DETAILED SENSITIVITY ANALYSIS RESULTS

The tabulated and plotted sensitivity analysis results are presented
in the remaining pages of this section for each of 26 parameters. The set
of watershed characteristics of principal interest and their reference
values are presented in Table 6-4. Each set of tables and curves related
to a parameter is preceded by a brief discussion of the definition of the
parameter, how it is normally derived, and its effect on simulation model
performance. _ .

6.3.1 FIMP, IMPERYIOUS FRACTION OF WATERSHED AREA

FIMP is the fraction of total watershed surface which is impervious
and contributes its runoff directly into channel flow. For most rural and
mountain watersheds this factor will be near zero unless there are large
areas of rock outcrops adjacent to stream channels. Runoff from scattered
impervious areas usually flows onto a pervious area as overland flow; such
areas should not be included as a portion of FIMP. Precipitation minus
interception is multiplied by the impervious area fraction to determine
the impervious area contribution to stireamflow.

The impervious area is directly obtainable from remote sensing by
land-use classification after the watershed boundary has been established.

Sensitivity analysis results {Tables 6-5 through 6-13) indicate that
the FIMP parameter is most influential during fall and summer when soil is
relatively dry. FIMP is most influential in light rains with dry soil
conditions, and least influential during winter season,

The unit sensitivity on the average is 0.74 for fall and summer
seasons, and 0.10 for winter and spring seasons. This average is based
on six head water basins and the regional watershed.

Plotted A% runoff of fall storms (Figure 6-2) indicate a variation
in -14% of FIMP results in -10% of runoff which corresponds to a unit
sensitivity of 0.71 for fall season. Figures 6-3 through 6-6 show results
for four watersheds. S _



Table 6-4. Principal Watershed Characteristics

Watershed l

Soil Moisture Parameters

Channel Routing and
Ground Water Parameters
I

Overland Flow Parameters I

oL-9

4D. NAME L amea | eve | rwre | amin sUzZe \E BUZC FsAx | geRC leFntR Y oFst ! oFss | oFmw | IFRC__(OFMNIS
PEARL RIVER,
MISS.
SWs 848 004 | 005 | 10.0 .40 .96 96 80 | 4974 | .019 | 056 .30 015
SwWs 2 449 076 | .002 | 10.0 40 .96 .06 B0 5238 | .0621 | .o81 .30 015
SWs3 214 022 ;1 007 ] 100 40 94 96 .80 34151 .028 | .070 .30 015
|

SWs 4 170 | .007 | .001 8.0 40 04 96 .80 4505 | .018 1.048 30 .015
SWs 6 411 033 | 002 ] 10.0 40 85 96 .80 4692 | .020 | .068 30 015
SWS 8 858 025 1 0701 100 .40 .86 96 .BD 77541 .012 | .076 .30 015
Sws 7 ‘ 429 002 | 001 ] 120 .40 96 96 80 6915 ] .015 | .065 .30 015
SWS g : '151 1 .B01 | 006 8.0 40 96 .96 .80 6914 [-.017 ! .066 30 015
Sws g 650 .031 | .003 8.0 .30 .96 a8 .80 6668 | .024 | .063 40 015
SwWSs 10 940 .069 { .002 § 10.0 .30 96 .96 .85 ,\g‘\é} .011 | .063 40 015
SwWs 11 985 069 ¢ .002 3.0 .40 .96 96 .80 5921 .0212 | .073 .30 0156
SWS 12 975 069 | 0801 12,0 . . .40 ! .96 96 .80 6914 | .G17 | .066 | .416 .615

TOWN ' : !

CREEK,ALA. | 141 | .002 | 01| 7.0 .20 { 94 ' 93 | 85 |1550|.062 | .05 | .184 |.014

ALAMOSA . .

CREEK, 107 01 I 006 | 20.0 1.5 .94 .95 90 100014 .34 .35 .60 .025

COLO.




TABLE 65

SENSITIVITY ANALYSIS OF Fimp t0.10 REF.) ANNUAL R/F = 58.23 IN
SMALL WATERSHED 365 50, KM EVAPOTRANSPIRATION NET = 24.24 IN
' TOTAL OBSERVED ANNUAL R/O = 31,38 IN
‘ SIGNIFICANT STORMS
: A% - 9/27/64
RUN PARAM PERTUR- 5/1/64 8/14/64 LOW ANNUAL
D VALUE BATION ouTeuT 11/4/63 1/23/64 FLOW FLOW
FALL WINTER EPRING SUMMER
A% OF R/O —80.9 —4.2 —4.4 —39.5 +3.95 ~1.15
STORM R/F 3.13 3.19 2.87 2.16 STORM U/S
5000 0.002 _100  [REF.R/O (M)[ 046 2.41 203 | o043 REF_ 7.6 ; : g-gg:
- - 78 -
PERT.R/O (tN)| 018 2.31 104 0.26 Sim o 4 0,044
REF (R/F/R/O) 6.80 1.32 1.41 5.02 S4 + 0.395
A% OF R/O -324 -2 -25
STORM R/F 313 3.19 287 2.16 STORM U/S
-y F +0652
DO10 0.05 50 REF. R/O {IN) 0,48 241 2.03 0.43 REE~ 76 | w +0.042
PERT, R/O {IN)} 031 2.36 1.98 o [ M g v 0050
REF (R/F/R/OI| 680 132 1.41 5.02 SU
A% OF R/Q +63.0 +4.6 +4.9 +41.9 —1.08 +7.3
STORM R/F 313 3.19 2.87 2.18 STORM U/S
F+0.630
$012 0.20 +10D . IN ! . X .
REF. R/O {IN} 0.46 241 203 0.43 REF- 76 |y +0.06
PERT. R/O IIN} 0.75 2.52 2.13 0.61 SiM= 72 [ oo
REF (R/F/R/0) 6.80 1.32 1.41 6.02 su + 0418
i 1% OF R/O +126.1 +87 +8.9
STORM R/F 3.13 . 3.19 2.87 2.8 STORM U/S
! Do13 0.30 +200 REF. R/O (FN} 0.45 2.41 2,03 0.43 _ F +0631
i 1t - REF= 78 [ w +0.044
FERT.R/O (IN)] 104 262 2.23 ——— [ M= | & +uos0
g REF (R/F/A/0)|  6.80 1.32 1.41 5.02 . SU




TABLE 6:5A

ANNUAL R/F = 33.38 IN
SENSITIVITY ANALYSIS OF Fimp (010 ReF.) EVAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 277 50, KM TOTAL OBSERVED ANNUAL R/Q = 10.03 IN
SIGNIFICANT STORMS
9/7/58
10/18/67 4/21/58 B/10/58 8/3/68 LOW ANNUAL
PARAW PERTUR- | DUTPUT FLOW ELOW
RUN-ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/C -63.6 -36.7 —18.1 —72.3 0.0 —-139
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
o 0.0 100 REF. R/O (IN.} 0,077 0.058 1.106 0.124 REF=30 | F +0.636
siM=30 | w +0.357
PERT. R/O (1N} 0,028 0.037 0.895 0.034 &P +0.197
REF (R/F/R/0)|  38.83 - 181 8.79 su +0.723
A% OF R/O -a18 -179 -8% -36.2 0.0 -70
STORM R/F 299 0.0 1.78 1.09 STORM U/S
REF. R/O {IN.} 0.077 0.058 1.108 D.124 ner=30. | F * 06
0.05 - . . . | . , =30
02 50 Sim=30 | w +0.358
FERT. R/O {IN.) 0.052 0.048 1.0 0.078 Sp + 0,190
REF {R/F/R/O) 38.83 _ 1.61 B.78 SU+ 0724
A% OF R/0 +31.9 +18.3 +9.4 +36.2 +3.3 +7.0
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
+ 0,638
04 0.15 +50 REF. R/O IN.) 0.077 0.068 1.106 0.12a ReF =30 |
- sim=a3n | w +0.368
PERT. RO QN 0.101 0.069 1.210 0.169 P + 0188
REF {R/F/R/0O) 38.83 - 1.81 8.79 SU +0.724
&% OF R/O +63.8 +36.7 +188 +72.7 +6.7 +14.1
STORM R/F 2.99 0.0 1.78 1.00 STORM U/S
F +0638
05 0.20 +100 REF. R/O (IN.} 0.077 0.058 1.106 0.924 REF =3¢
SN~ o0 | w +0.367
PERT. R/O{IN.)|  0.128 0.078 1313 0.214 5P + 0,188
REF (R/F/R/O) 38.83 — 1.61 8.79 su +0.727




’ TABLE 6-8
SENSITIVITY ANALYSIS OF FiMp (0.10 ReF.) B P NET = 32.00 1N

REGIONAL WATERSHED 22,248 5Q. KM TOTAL OBSERVED ANNUAL R/C = 1541 IN
SIGNIFICANT STORMS
% 9/15/68
RUN paraM | PERTUR. 10/28/67 1/21/68 5/0/68 8/11/68 Low ANNUAL
ID VALUE BATION OUTPUT FALL WINTER SPRING SUMMER FLOW FLOW
A% OF R/O -84.7 —4.9 -13.0 —70.0 -53.8 —16
A% OF ocr JAN APR AUG
MONTHLY R/Q —44.1 —5.7 -7.8 —67.2 STORMU/S
+0.647
05 0.0 =100 | ger mio 1IN} 017 1.02 0.64 0.10 F
REF= 13a0| W +0.040
PERT. R/O (1) 0.06 0.97 0.47 0.03 SIM= 8§19 5P +0.130
. MONTHLY
iy 0.247 1785 2743 0.479 SU +0.700
A% OF R/O —35.3 —28 Y -30.0 273 - 80
A% OF oCcT JAN P|
MONTHLY R/O 723 Cag _Aa_g _A%G STORM U/S
o7 0.05 -5¢ | rer.r/O (1) 0.17 1.02 0.54 0.10 F +0,706
(N 0.11 0.08 0.51 007 HEF—= 1240 | W +0.058
PERT. R/O ) - g . E SIM= g74 8P +0.112
REF. MONTHLY
R0 UN) 0.247 3.785 2.743 0.479 Su +0.600
A% OF R/O 64.7 5.9 1. 80.0 +55.5 +16.0
A% OF ocT JAN APR AUG
MONTHLY R/Q +44.1 +5.8 +7.8 +69.7 STORMU/S
- +0.647
[ul:) 0.20 +100 | REF. R/O {IN) 017 1.02 0.54 0,10 F
REF = 1340 w +0.059
PERT. RAD (1§} 0.28 1.08 0.60 0.18 SIM = 2083 | gp *01M
REF, MONTHLY +0.800
R/O {IN] - su
A% OF R/O +129.4 +10.8 +22.2 +150.0 +112.9 +32.2
A% OF ocT JAN APR AUG
MONTHLY R/0 1887 +11.3 +15.6 +140.5 STORMU/S
10 0.30 +200 | REF. R/ (iN) 017 1.02 0.54 010 F +0.647
REF =130 { W +0.540
PERT. R/O (IN) 0,38 1.13 0.66 0.25 SIM= 2853 | gp +0.111
REF. MONTHLY sy H0.750
R/Q (i)
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TABLE 8-7
ANNUAL R/F = 59.30 IN

sENsITlVIT.Y ANALYSIS OF FIMP {0.10 REF.) EVAPOTRANSPIRATION NET = 40.29 IN
SUBWATERSHED NO. 1 2326 S0 KM TOTAL OBSERVED ANNUAL R/O = 10.63 IN
SIGNIFICANT STORMS
A% 9/26/68
f‘r}"" '\’;'mg ';i';'{g: OUTPUT 10/15/67 1/8/68 4/26/68 8/18/68 'F-ng ??g&"“—
FALL WINTER SPRING SUMMER
A% OF R/O -83.3 -8.0 —20.4 -79.2 +3.0 —15.0
STORM R/F 2,18 191 3.49 2,79 STORM U/S
s
06 0o 100 |rEF.mIOONY| 024 174 0.93 024 REF - 33 fv :: g-(;?o
SiM= 34 -
PERT. R]o “N.) 0.04 1.80 .74 0.06 SP"‘ 0.204
REF (R/F/R/O} 9.0 1.10 3.75 1.8 S+ u7y2
A% OF R/O —41.7 40 -8.7 -375 0.0 —-75
STORM R/F 2,18 121 3.49 279 STORM U/S
07 0.05 B0 REF. R/Q(INJ| 024 1.74 0.93 0.24 _ F +0.834
: gli":; 33 | w +0.080
PERT. R/O(INY 014 1.67 0.84 0.15 31 v0i0a
REF (R/F/R/OY 9.0 1.10 3.75 18 su +0.750
A% OF R/O +83.3 +7.5 +20.4 +79.2 0.0 +15.0
STORM R/F 216 1.91 3.49 279 STORM U/S
0.24 174 093 0.24 F +0.833
09 0.20 +100 REF. R/O (IN.} REF = 33 w +0.075
PERT. R/O (1IN}  0.44 1.87 112 0.43 SIM=33 | . +0.204
REF (R/F/R/O} 8.0 119 375 1.6 St +0.792
A% OF R/O +166.7 +14.9 +40.9 +162.5 +9.1 +30.1
STORM R/F 2.16 191 3.49 2.79 STORMYU/S
0.24 174 0.93 0.24 F+0.834
10 £.30 +200 |REF.R/OUN) REF= 33 [, +0.750
BFERT. R/C {IN.) 0.64 2,00 1.3t 0.63 SiM= 38 gp +0.208
REF (R/F/R/O} 9.0 1.10 375 1.8 sy +0.813

614



TABLE 68

SENSITIVITY ANALYSIS OF rime (0.16 REF.) ANNUAL R/F = 63.88 [N
SUBWATERSHED NO.3 813 50. KM EVAPOTRANSPIRATION NET = 37.42 IN
) TOTAL OBSERVED ANNUAL R/0 = 26.14 IN
SIGNIFICANT STORMS '
A% 9/2/68
RUN ID PARAM PERTUR- OUTPUT 10/15/67 1/9/68 - 4/25/68 7/31/68 LOW AMNUAL
VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER
A%OFR/O |, -8B —4.4 —180 ~75.9 +4.6 —128
STORM R/F 251 an 1.70 2.1 STORM U/S
F +0.857
06 00 _jo0 {REE.R/OUNI| o028 225 0.61 0.29 REF=22 |y +0.084
SIM =
RERT. R/C {IN.) 0.04 215 0.50 0.07 . SP +0.180
REF (R/F/R/O) B.96 1.38 279 7.82 SU +0.763
A% OF R/O —429 —2.2 -9.8 -379 +4.8 6.2
STORM R/F 251 3.1 1.70 2.2 STORM U/S
F 10858
or 0.05 50 REF. Ff.v'O (N 028 2% 0.61 0.29 REF=22 | w ro.004
PERT. R0 (M| 0.8 2.20 0.55 018 SIM=23 | o L4106
REF (R/F/R/0)| 898 1.30 279 7.62 wu +0.758
A% OF R/O +82.1 +4.44 +187 +75.9 -a.1 +12.5
STORM R/F 251 an 1.70 221 STORM U/§
£ +0.821
09 0.20 +100 REF.R/QH{INDG 0.8 2.25 0.61 0.29 REF=22 |y +0044
PERT. R/Q lIN.]]  0.87 2.35 0.73 0.51 $M=20 | o vo97
REF (R/F/R/O) 8.96 1.38 2,79 1.62 SU +0.769
A% OF R/O 167.9 +8.8 +37.7 +156.2 137 +25.0
STORM R/F 261 31 1,70 2.21 STORM U/S
10 0.30 w200 |REF.R/OUN)| 028 2.5 0.61 0.28 aproz2 | 10840
= W +0.045
=19
PERT. R/O (N 075 . 245 0.84 0.74 SiM sp +0.189
REF (R/F/R/OI[ 898 1.38 2.79 7.62 sU +0.776




TABLE 69

ANNUAL R/F = 48.24 IN
SENSITIVITY ANALYSIS OF Fimp (0.10 REF.) EVAPOTRANSPIRATION NET = 27.87 IN
SUBWATERSHED NO,5 1,064 50 KM TOTAL OBSERVED ANNUAL R/O = 22.36 [N
SIGNIFICANT STORMS 0/20/68
A% 10/15/67 1/9/68 4/25/68 8/13/68 ANNUAL
param | PERTUR. | OUTRUT roow | Flow
RUN D VvALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O —90.0 -286 -12.0 -90.5 +26 —99
STORM R/F 1.08 2.04 1.82 222 STORM U/S
F +0.800
- REF. R/O {IN.) REF= 4
06 0.0 100 0.10 1.94 1.00 0.21 ReF-2 |l w 002
PERT. RO (INJ| 001 1.88 0.8 0.02 s 40120
REF (R!FIRIO] 10.8 1.06 1.82 10.67 sSU +0.905
4% OF R/O —50.0 ~1.0 ~8.0 —42.9 00 —5.0
STORMR/F | 1.08 2.04 1.82 222 STORM /S
Foo+1.000
a7 0.05 —ED REF. R/O (IN.} 0.10 1,94 1.00 p.21 REF= 4 | . 5020
SiM= , .
PERT.R/O {IN.j 005 192 0.94 0.12 g +0.120
REF (R/F/R/O) 10.8 1.05 1.82 10,57 St +0.858
A% OF R/O +80.0 +2.6 +12.0 +90.5 0.0 +9.9
STORM R/F 1.08 2.04 1.82 222 STORM U/S
ae 0.20 +100  |REF. R/O(IN.) 0.10 194 1.00 0.21 mep= 4 | T 0800
SiM= 4 | w +002%
PERT. R/O {IN.) 018 1.99 1.12 0.40 $p +0.120
REF IR/F/R/O) 10.8 1.05 1.82 1057 sy +0.905
A% OF R/O +170.0 +5.2 +24.0 +181.0 —250 +19.9
STORMR/F | 1.08 2.04 1.82 2.22 STORM U/S
F +0.350
10 0.30 +200 | REF. RO GIN) .10 194 1.00 0.21 REF = 4
SIM= 3 w  +0.026
PERT. R/O {IN,) 0.27 204 1.24 0.68 sp +0.120
REF (R/F/R/O} 108 1.06 1.82 1057 su +0.905




TABLE 610

SENSITIVITY ANALYSIS OF FIMP [0.10 REF.} ?\T:#(?#ﬂ?;;?::?lgil NET = 33.02 IN

SUBWATERSHED NO.7  1.1115Q. KM TOTAL OBSERVED ANNUAL R/O = 18.20 IN
SIGNIFICANT STORMS o/30/68
CARAM A% n | oureur 10/15/67 |  1/8/68 4/26/68 8/14/68 Low ANNUAL
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A%OFR/O | -824 | -a8 ~16.4 727 +2.6 —13.8
STORM R/F 158 . 276 182 | 295 STORM U/S
06 0.0 —100 |REF.R/OONGE- 047 1.70 0.73 0.44 gIEMF: ig \: :g::‘::
PERT. RIO (N o0.03 1.55 0.61 0.12 gp +0.164
REF (A/F/R/O) 920 162 2.63 6.70 U +0.727
4% OF R/Q —41.2 oy -82 —36.4 +2.8 -8.9
sTORMR/E | 158 278 1.92 295 STORM U/S
o7 0.05 ~50 REF.R/O (NG| 047 170 073 .44 REF=3g | F 10824
SiM= 40 | W +0.084
PERT. R/O {IN.) 010 1.62 0.67 0.28 gp +0.164
REF {R/F/R/OI] 9.29 162 263 8.70 U +0.386
A%OFR/O | . +824 +8.2 4178 +72.7 +5.1 +13.8
STORmMR/F | 188 276 1.92 2.5 STORM U/S
0 0.20 o0 |REF.RIOONG] 07 1.70 073 0.44 REF= 39 | 10824
pERT, R/O (N 031 184 0.86 0.7 s = a ‘:p :g:?:ﬁ
REF (n,rpjﬁ,'o) 9.20 1.62 2.63 6.70 sy +0.727
A% OF R/O +184.7 +16.5 +356 +147.7 0.0 +278
sToRM A/F | - 158 276 1.92 2.95 STORM U/§
10 0,30 +200  [per.rigany{ 017 1.70 0.73 0.44 REF- 30 | F 70824
- StM= 39 | W +0.082
PERT. R/O (IN.} 0.45 1.98 [iX:]:] 1.09 sp +0.178
REF (R/F/RIO)| 920 162 263 670 su +0.738




TABLE 8-11
ANNUAL R/F = 35.81 IN

SENSITIVITY ANALYSIS OF gimp (0.10 REF.) EVAPOTRANSPIRATION NET = 26.36 IN
SUBWATERBHED NO. 11 2,561 S0. XM TOTAL OBSERVED ANNUAL R/D = 12.82 IN
SIGNIFICANT STORMS
‘ 9/14/66
A % 1 y) LOW ANNUAL
PARAM PERTUR- | OUTPUT 0/28/8 Va/es £/8/68 8r20/68 FLOW FLOW
RUN I VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O —81.1 -89 —20.6 -~75.0 0.0 —17.1
STORM R/F 1.35 137 1.9t 0.50 STORM U/S
06 0.0 ~100 |REF.R/OUN)| 018 0.79 0.63 0.04 Repeg | F +061
SIM=g W +0.089
PERT. RO {IN)| o7 072 0.50 0.01 P +0.208
REF [R/F/R/O} 150 1.73 3.03 12.50 s +0.750
4% OF R/O —27.8 -38 -1 —25.0 0.0 -85
STORM R/F 135 137 1.91 050 STORM U/S
+0.656
07 0.0 —50 REF.RIOUNI| 018 0.79 0.63 0,04 REF=g | '
: SiM=g | W +0.076
PERT. R/O {IN.) 0.13 0.78 0.56 0.03 = +0.222
REF {R/F/R/O) 7.50 1.73 3.03 1250 sy +0.500
A% OF R/O +66.7 +7.6 +19.0 +75.0 0.0 +17.1
STORM R/F 1.36 1.37 L5l 0.50 STORM /S
oo 0.20 +100 | REF. R/O (IN.] 0.18 0.79 0.63 0.04 Rep=9 | F +0667
- S5iM= g w +0.076
PERT.R/O(INY 030 0.85 0.75 0.07 o +0.190
750
REF {R/FfR/O)| 750 172 3.03 12,50 su *0
A% OF R/O +127.8 +165 |  +38.1 +175.0 0.0 +34.3
STORM R/F 1.36 1.37 1.91 B.50 STORM U/S
+0.639
10 0.30 +200 REF. R/O [IN.} 0.18 0.79 0.63 0.04 . REF =9 F
SiM=p |W +0DS2
PERT. R/Q (IN.) 0.41 0.92 0i87 0.11 sp +0.190
REF (R/F/R/O} 7.50 1.73 3.03 12.50 SU +0.876




"SENSITIVITY ANALYSIS OF
SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 812

FIMP -100% PERTURBATION (0.10 REFERENCE}

SIGNIFICANT STORMS
AREA’ EPAET ' LOW ANNUAL
| WATERSHED| (¢ k) (IN) ouTAuT FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A%OFRIO | -s09 42 44 395 +2.05 718
$000 : -
e I I e O
i F +0.602
] 043 REF = 7.6
SMALL 365 & REF.RIO | o6 2.41 2.03 W 10082
PERT. R/O 0.18 23 104 0.26 sm=79 | g 0000
REF [R/F/R/O)} 6.80 1.32 1.41 5.02 Su +0.395
RUNID . 4% OF R/D 639 357 -18.1 723 0.0 -139
01
STORMRJF | Jol8/57 | 412158 510/88 1 81358 | or7/58 STORM U/S
- e F +0.636
SNOW 21 2 R , 124 - REF = 3.0
o REF. R/O 0.077_ _0.058 1.108 0.124 W 057
PERT.R/O | toz8 0,037 0.895 n.034 siM= 20 | gp +0191
su
REF {(R/FR/O)| 30.83 — 161 8.79 *0.723
RUN 1D ' AXOFR/O | -847 49 -13.0 -70.0 538 -16.0
RWO06
A% OF ocT AR PR AUG
[MONTHLY R/Of 441 57 7.8 672 9/15/68 STC’““;;"' s
REGIONAL | 22248 # REF. R/O 017 1.02 0.54 0.10 REF = 1340| F 0647
w +0.049
PERT, R/O 0.08 0.97 0.47 0.03 StM= 619| oo 1130
REF. MONTH-] 4 -, sy +0.700
LY R/O 0.247 3.785 2,743 0.479
RUN 1D Tl a%OFRIO | 833 8.0 204 792 +3.0 -15.0
RW0G 4 :
10715767 1/8768 2726/68 5718768
UB. STORM nff A v A 57 9/25/68 s;mnm :/s
WATERSHED| 2,378 50 REF. R/0 0.24 1.74 093 .24 REF = 33 +0.833
NO. . W +0.080
1 PERT. R/O 0.04 1.60 074 0.05 8IM= 34 | oo 40,204
reF (A/FRIO)| 9.0 1.10 375 16 SU +0.792
RUN ID " | awormio | 857 -4.4 -18.0 759 +4.6 125
RWOB , : ,
s STORMR/F | O/IS/67 | 1/3/68 4/25/68 1/31/68 9/2/68 STORM U/S
WATERSHED|  g43 50 REF.R/O | 0.28 2.25 081 0.29 Rep= 27 | F 10897
NO, - — - - - = w +0.044
3 PERT.R/0 | 004 215 0.50 0.07 siM= 23 | gp +g.180
REF (R/F/R/O)| 898 1.38 279 7.62 5U +0.759
RU;IGID A% OF R/O -90.0 .28 -12.0 -90.5 +25 8o
RWI
T0IB167 179768 4725768 B13/68
suB. storMArF | 'Ton o Yz I 9/20/68 | STORMU/S
WATERSHED| 4 pgq 37 REF. R/O 0.10 194 1.00 0.21 REF= 4 | F 10900
N_,?' W +0.026
PERT. RO 0.01 1.89 0.88 0.02 sm= 5 | gp 10120
Ref RO 108 "1.08 1.82 10.57 U +0.905
RUN ID " A% OF R/D 824 8.8 164 727 +2.8 138
RWOE -
I0716/67 | 1/8/68 4726768 /14768
SUB- STORMR/F | 158 276 1.42 2.95 9/30/68 | STORMU/S
WATEgs“ED 1,911 2 REF. H/O 0.17 1.70 0.73 0.44 REF- 30 | F t0824
NO. ‘ W +0.088
PERT. R/O 0.03 1.55 0.61 0.12 siM= a0 | s <0162
REF (R/F/RO)  a.20 1.62 2.63 6.70 SU +0.727
AUN 1D A%OFR/O | -61.1 89 208 150 0.0 -17.1
AW0E
10/28/67 178768 5/8/68. 8/20/68
SUe. storMpre | 15 Ve 3 e 9/14/68 STORM U/S
WATERSHED] 7561 30 REF. R/O 0.18 079 0.63 0.04 Rep= 9 | £ 1061
No. W +0.089
PERT. R/O 0.07 0.72 0.50 0.01 sM= 5 | sp +0.206
REF (R/F/R/OH 750 173 3.03 1260 SU +0.750
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TABLE 813
FIMP +100% PERTURBATION {0.70 REFERENCE}

" SENSITIVITY ANALYSIS OF
SMALL, SNOW & REGIONAL WATERSHEDS

SIGNIFIGANT STORMS
AREA’ EPAET Low ANNUAL
| wATERSHED| (sq ) (IN) ouTkuT FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O +63.0 +4.6 +4.9 1.9 -1.06 +2.31
5012 -
ronmr | TS | e | GEE | GEm | e | stomus
F 40530
e REF. R/O 0.46 2.41 - 2.03 0.43 REF = 716
SMALL 365 : W +0.046
PERT. R/O 0.76 2.52 213 061 8iM= 7.2 | 5p 40049
REF (R/F/R/O) .80 1.32 1.41 5.02 SU +0.419
gum D A% OF R/Q +63.8 +36.7 +18.8 +72.7 +6,7 +14.1
5
stormR/F | 10718757 | ai21/58 810/8 | 811358 | g7m8 | stoRMurs
SNOW 277 32 REF. R/O 0,077 0.068 1.108 0.124 meF-30 | F 0634
W +0.367
PERT, R/O 0126 0.079 1313 0.214 SIM= 32 | 5p +0.188
REF (R/F/R/O)| 3883 — 161 8.79 SV +0.727 ]
RUN ID A% OF RfQ +64.7 +5.9 +11.1 " +B00 +55.5 +160 |
RWO09 t
A% OF ocT JAN APR AUG P
MONTHLY R/O, ) 8/15/68 STORM LIS
REGIONAL | 22,248 4 REF. R/O 0.17 102 054 2.10 REF =130 | F +0.847
e W +0.059
PERT.R/O | 028 108 0.60 0.18 SIM = 2083 | gp 40111
REFSMONTH-} 4247 3785 2743 0.478 SU +0.800
RUN ID A% OF R/O +83.3 +75 +20.4 +78.2 0.0 +15.0
RWo09
10/15/67 1/8/68 4/26/68 8/18/68
SUB. STORM R/F e ron M 279 9/25/68 STOI;!)M ;ers
WATERSHED| 2,326 50 REF. R/Q 0.24 174 093 .23 REF= 33 | F 08
. W +0.075
1 PERT. R/O 0.44 1.87 112 0.43 SIM= 33 | ¢p +0.204
REF (R/F/R/0)| a0 1.10 375 18 Sy +0.792
RUN ID A% OF R/O +82.1 +4.44 +19.7 +75.9 9.1 125
RW09
s sToRMA/F | 10015/67 | 1//eB 428/68 | TB16E | 96n STORM U/S
WATERSHED | g4 50 REF. R/O 0.28 225 0.61 0.29 REF=22 | F 0821
NO. - W +0.044
a PERT. R/O 0.51 2.35 0.73 0.51 8IM=20 | gp +0.197
1
REF [R/F/R/O]| 8.96 1.38 279 782 SU +0.759
gwggm A% OF R/O +80.0 +2.6 +12.0 +00.8 00 499
10/15/67 1/9/68 4125168 8/13/68
SUB- STORM R/F 1.08 204 1.82 223 9/29/68 STORM U/S
W“TSSSHED 1,064 37 REE.R/O 0.10- 184 1.00 0.21 REF= 4 | F 0800
i W +0.026
PERT. R/O 0.18 1.99 112 0.40( siM= 4 | gp +0120
REF (R/F/R/OY 108 1.05 182 1057 SU +0.805
EE\IEQID A% OF R/O +82.4 +8.2 +17.8 +72.7 +5.1 +13.8
10/15/67 178768 4/76/68 . | 8/14/68
SUB- STORM R/F 158 2.76 142 2.95 9/30/68 STORMU/S
WAT:SSHED 1.n a0 REF. R/O 0.17 1.70 0.73 0.44 REF= 30 | F ‘0824
e . . W +0.082
PERT.R/O 0.3 1.84 0.86 0.76 SIM= 41 { cp (g178
REF (R/F/R/O)| a0 1.62 263 6.70 SU +0.727
AUN iD A% OF R/O +66.7 +7.6 +19.0 +75.0 0.0 +17.1
10/28/67 1/8/68 G/8/68 _ 8/20/68
sue. STORM R/F b bk Yo 050 9/14/68 STORMU/S
WATERSHED] 2661 30 REF. R/O .18 0.79 0.63 - 0.04 ReF-a | F 0687
b ‘ W +0.078
PERT. RO 0.30 0.85 0.76 0.07 SIM= g SP +0.190
REF [R/F/ROY  7.50 173 3.02 12,50 U +0.750
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Figure 8-2. Impervious Area Study, Fall Storms
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Figure 6-3. Impervious Area Study, Smalf Watershed
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Figure 6-5. Impervious Area Study, Subwatershed No. 1
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6.3.2 FWTR, WATER SURFACE FRACTION OF WATERSHED AREA

FWTR is the fraction of total watershed covered by water surfaces.
This parameter refers to the proportion of water surface on the watershed
including lakes, ponds, and the area of stream surface. In the simulator
it is used to determine the proportion of the watershed at which evaporation
occurs at potential rate. The fraction of watershed covered by water is
directly obtainable from remote sensing by land-use classification after
watershed boundary has been established.

Sensitivity analysis results (Tables 6~14 through 6-23) indicate
that FWTR parameter is most influential during fall and summer and least
influential during winter when there is 1ittle evaporation.

The unit sensitivity on the average is 0.51 for fall and summer
seasons, and 0.03 for winter and spring seasons.

Plotted A% runoff of fall storms (Figure 6-7) indicate that
variation in -16% of FWTR results in -10% of runoff which corresponds
to a unit sensitivity of 0.63 for fall season. Figures 6-8 and 6-9 show
results for the small and regional watersheds.
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TABLE 6-14

SENSITIVITY ANALYSIS OF FWTR (0.10 REF.) - ANNUAL R/F = 58.23 IN
SMALL WATERSHED 365 SQ. KM ’ ' EVAPOTRANSPIRATION NET = 24.24 IN
TOTAL OBSERVED ANNUAL R/O = 31.38 IN
SIGNIFICANT STORMS
A% : 9/27/64
RUN PARAM PERTUR- 11/4 11/ 8/14/64 LOwW ANNUAL
b VALUE BATION QUTPUT 14/63 1/23/64 5/1/64 6 o oW
FALL WINTER SPRING SUMMER
A% QF R/O -59.1 -3.4 0.0 -218 +119.4 +1.0
STORM R/F 313 319 2.87 2.16 STORM U/S
+0.501
su0o 0,007 _100 |mer.mio any|  04a 239 1.94 0.3 REF= 3 vFv ey
PERT.R/0 iNi| 018 2.3t 1.04 0.26 SM= 29 | & +00
REF (R/F/R/0) 7.1 133 1.48 8.00 SU +0.278
A% OF R/O —20.6 -1.7 0.0
STORM R/F 313 3.19 2.87 2.16 STORM /s
F +0.592
Do14 0.05 —50 AEF. RO (IN]] - paa 2.39 1.94 0.36 REF= 38 | v +0.034
______ SiM= __
PERT,R/O (IN| 031 2.35 1.94 5P 0.0
REF {R/F/R/O) FAR 123 1.48 6.00 SU ————
5% OF R/O +63.6 134 +05 +38.9 —11 +2.9
STORM R/F 3.13 3.19 287 2.16 STORM W/S
£ +0.636
5018 .20 +100 REF. R/O (IN) 0.44 2.39 1.94 038 REF= 36 |y +0.034
PERT. R/ (IN)[ 072 2.47 185 | o050 SiM= 32 | L 00
REF {R/F/R/O) 7.11 133 1.48 6.00 sy +0.389
A% OF R/O +120.8 +2.1 +2.1
. STORM R/F 313 3.19 2.87 2.16 STORM U/S
oo1r 0.30 +200 REE.R/O (IN F  +0.648
: (IN) 0.44 238 [ 184 0.36 REF= 35 | o +0.035
PERT. R/O (IN) 1.01 . 258 1.98 — | — | & o010
REF (R/F/R/O) 7.1 1.33 1.48 6.00 suU
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TABLE 6-15

ANNUAL R/F = 33,38 IN
SENSITIVITY ANALYSIS OF rwrn (0.10 REF) EVAPOTRANSPIRATION NET = 18.78 IN
SNOW WATERSHED 277 8Q. KM TOTAL OBSERVED ANNUAL R/O = 10.03 IN
SIGNIFICANT STORMS
9/7/58
A% QUTPUT 10/18/57 4/21/58 5/10/58 8/3/68 LOW ANNUAL
PARAM PERTUR- FLOW FLOW
RUN-1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O —60.1 —-4.2 -135 —B3.3 +30.4 +3.7
STORM R/F 2.99 0.0 1.78 1.09 STORMU/S
- F  +0.601
_ REF. R/O {IN) 0.075 .00 1,050 0.113 REF=2.3
% 0.0 100 SIM= 30 |w +0042
PERT. R/ {IN. 0,045 0.039 0.908 0.042 s 40135
REF (R/F/A/C)|  39.87 _— 170 9.65 Su +0.633
A% OF R/O —30.1 -3.2 —-8.8 ~38.9 +8.7 -0.2
STORM R/F 299 0.0 1.78 1.08 STORM U/S
+0.602
o7 0.05 —50 REF. R/D {IN.) 0,075 0.041 1.050 0.113 ReF-23 | F
sim= 2.5 | w +0.084
PERT. R/O (IN)] 0053 0.040 0.979 0.089 5P +0.136
REF (R/F/R/Q)|  39.87 — 1.70 9.65 su +0.778
A% OF R/O +30.1 +15.9 +8.7 +39.0 +304 +2.2
STORM R/F 2.99 0.0 1.78 1.09 STORM LI/S
08 015 +50 REF. R/O {IN.) 0.075 0.041 1.050 0113 REF= 23| F o602
sim= 30| W 0318
PERT. R/O (IN.)|  0.098 0.048 1121 0157 o +0.134
REF (R/F/R/O} 30,87 - 1.70 9.65 SU +0.78D
A% OF R/O +61.3 +34.2 +13.4 +782 -8.7 +5.3
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
F o +0.613
10 0.20 +100 REF, R/Q (IN.) 0.075 0.001 1.050 0.113 REF =2.3
smM= 27 | w +0.342
PERT. R/ {IN.)| 0121 0,055 1191 0.202 gp +0.134
+0.782
REF (R/F/R/Q)|  39.87 — 170 9.65 sy *0.78
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TABLE 8-16
ANNUAL R/F = 41,89 IN

SENSITIVITY ANALYSIS OF  wrh (0.10 Rer,) EVAPOTRANSPIRATION NET = 32.90 IN
‘REGIONAL WATERSHED 22,248 5Q. KM TOTAL OBSERVED ANNUAL R/O = 1541 IN
' IGNIFICANT STORMS
SIGN 9/15/68
A%
8/11/68
RUN param | PERTUR. 10/28/87 1/21/68 5/9/68 /1176 Low ANNUAL
D vaLUE | BATION OQUTPUT FALL WINTER SPRING SUMMER FLOW FLOW
00 A% OF R/O -533 20 +8.9 ~25,0 ~0.1 -1.0
’ 4% OF ocT_ JAN APR AlUG
MONTHLY R/o] ~752 -2 120 —232 STORM U/s
' ' F +0533
REF. R/Q (1IN} 1 1. 4 .08
ARW11 0.18 %, 048 0 REF= 7g8 | W +6.020
PERT. R/O (IN} 0,07 0.98 0.49 0.06 = 767 | sp -.0.080
REF. MONTHLY 50U +0.250
~100 //0 (IN) 0,161 3.703 2.560 0,340 0
0.05 A% OF R/O 26,7 -1.0 +4.4 —~25.0 —245 —24
3% OF ocT JAN AFR AUG
MONTHLY R/O —14.1 ~1.1 0.9 -25.6 STORMU/S
RWIZ REF. R/ (IN) 0.15 1.00 0.45 0.08 F +0.534
. REF = 788 | w +p.020
PERT. R/O {IN} 0,11 0.69 0.47 0.06 SIM= 580 SP 0088
REF, MONTHLY ' SU+0,250
-50 R/0 fIN) 0.191 3.703 2,560 0.330
0.20 4% OF R/O +53.3 +3.0 0.0 +50.0 +49.2 +7.4
A% OF OCcT JAN APR AUG M
MONTHLY R/0] 4387 421 o8 541 | irfig 531;/5
RW14 REF. R/O {IN} 0.15 1.00 0.45 0.08 ’
REF= 7gg | W 70.020
PERT. R/O {IN} 0.23 1.03 0,45 0.12 SIM= 11436 | 5P 0.0
REF. MONTHLY s |
+100 Rro TIN) 0.191 2,703 2560 0.340 U+0.500
- . : . : :
0.30 4% OF RAQ +113.3 +5.0 14.4 +1000 | +08.3 +165
"A% OF ocT JAN "~ APR AUG
MENTHLY R/Q +80.7 +4.2 +D.8 +109.4 STORM U/S
F
AW15 REF. R/O (IN) 0.15 1,00 0.45 0.08 +0.566
i REF = 7gg | W +0.025
FERT. R/ {IN) D.32 1.05 047 0.16 SIM = 1523 SP +0.022
REF. MONTHLY SU 40,
+200 #/6 (IN} 0,191 3703 2560 0,340 V+0.500

Preceding page biank '
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TABLE 817 ANNUAL R/F = 59,30 IN

SENSITIVITY ANALYSIS OF  ewrh (0.10 RER) EVAPOTRANSPIRATION NET = 40.29 IN
SUBWATERSHED NO. 1 2 326 50, KM TOTAL OBSERVED ANNUAL R/0 = 19.63 IN
‘ SIGNIFICANT STORMS )
a% - 9/25/68
RUN PARAM. PERTUR 4/26/68 LOW ANNUAL
D VALUE BATION OUTPUT 10/15/67 1/8/68 /26/ 8/18/68 Foo eLow
FALL WINTER SPRING SUMMER
A% OF R/O —-778 5.3 —6.3 —57.1 +118.5 +0,1
STORM R/F 2.16 1.3 3.49 2.78 STORM U/5
F
RW11 0.0 _100 REF. R/O (IN.) 0.18 1.69 0.50 0.14 REF =27 | 3;;:
SIM= 5B -
PERT. R/C {IN.) 0.04 1.60 0.75 0.06 5P +0.063
REF {R/F/R/O) 1309 1.13 4.36 19.93 SU+0571
4% OF R/Q —388 ~2.4 -38 —35.7 +3.7 -20
STORM R/F 216 191 349 2.79 STORM U/S
RW12 0.05 —50 REF. R/O {IN.} 0.18 1.69 0.80 0.14 REE = 57 F +p778
w +0.048
SIM= 28
PERT. R/O {IN.} 0.11 1.685 0.77 0.09 SP +0.076
Ree (R/EROY 1200 1931 4.36 19.93 SU+0.714
A% OF R/O +83.3 +5.3 +75 +78.6 -11.1 46.2
STORM R/F 216 1.91 3.49 2.79 STORM U/S
RW14 0.20 +100 rer. o N o8 160 .80 0.74 . F +0833
REF = 27 {  1p0s3
siM= 24 -
PERT. R/O {IN.} 0.33 1.78 0.86 0.25 5P +0.075
REF (R/F/R/O) 12.00 113 4.36 19.93 5U +0.786
A% OF R/O +172.2 +10.7 +16.3. +157.1 ~22.2 +14.2
STORM R/F 2.16 191 349 2.79 STORM U/S
; F +0.861
RW15 0.30 +200 REF. RO {IN.) 0.18 1.69 0.80 0.14 =
REF = 27 | w +pos53
PERT. R/C (IN.) 0.49 1.87 093 0.36 sm= 2 SP +0.081
REF (R/F/R/O) 12.00 113 4.36 19.03 Su+0.785
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. TABLE 6-18
SENSITIVITY ANALYSIS OF FWTR (0.10 REF} ANNUAL R/F = 63.88 IN

EVAPOTRANSPIRATION NET = 37.42 IN
SUBWATERSHED NO.3  B1350. KM TOTAL OBSERVED ANNUAL R/O = 26.14 IN
SIGNIFICANT STORMS
A% 9/2/68
AUN 1D PARAM PERTUR- |  ourput 10/15/87 1/9/68 4/25/68 7/31/68 Low ANNUAL
VALUE BATION FLOW FLOW
FALL WINTER SPAING SUMMER
A% OF R/O —67.9 ~2.7 +2.0 —47.3 +118.7 0.7
STORMA/F 2.5 an 1.70 2.21 STORM L/S
F+0.679
REF.R/O N ]| o.28 2.23 0.51 0.23 REE= 12
RW11 0.0 ~100 W +0.027
PERT. R/O (IN.} SiM= 26
: 1 o.oe 217 0.52 0.12 5P _0.020
REF {R/F/R/O)| 8.96 1.39 2.33 9.61 SU +0.478
A% OF R/O -357 -1.3 +2.0 -30.4 0.0 -18
STORM R/F 2.51 an 1.70 2.21 STORM U/S
+3.714
RW12 0.05 —50 REF. R/O{INJ| g8 273 0.51 0.23 REF= 12 F
SIM - 12 W +0.028
PERT. RO (IN.)| 0.8 2.20 0.61 0.16 P ~0,040
REF (R/F/R/0)|  8.96 139 ‘333 9.61 Wil +0.608
A% OF R/O +75.0 +2.7 +9.8 +60.9 6.7 +6.4
STORM R/F 2.51 3n . 1.70 221 . STORM U/S
AW14 0.20 +100 |REF.R/OGNI| 028 2.23 051 - 0.23 REE - F +0.750
Sme 15| W <0027
PERT. R/O {IN)[ 049 229 0.56 0.37 P +0.008
REF (R/F/R/0)| 8.98 1.39 3.33 9.61 SU +0.609
4% OF R/Q +134.4 +5.8 +17.7 +121.7 —25.0 +14.1
STORM R/F 251 3.1 1.70 2.21 STORM L/S
RW15 0.30 +200 REF.R/O NG| 028 223 0.51 023 . ) F 10732
o 2w 002
PERT. R/0 0N .00 236 0.60 0.51 S 10,088
REF (R/E/R/OH 808 133 3.33 9.61 SU +n.608




TABLE 819
ANNUAL R/F = 48.24 IN

SENSITIVITY ANALYSIS OF  PWTR (0.10 REF} EVAPOTRANSFIRATION NET = 27.87 IN
SUBWATERSHED NO.5 1,064 50. KM _ TOTAL OBSERVED ANNUAL R/O = 22.36 IN
SIGNIFICANT 5TORMS 9/26/68
axl 10/16/67 1/9/68 4/25/68 8/13/68 Low ANNUAL
PARAM PERTUR- ouTPUT FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O —55.6 —05 -21 626 +166.7 +0.2
STORM R/F 108 2.04 1.82 2.22 STORM U/S
REF. R/O {IN.) 0.09 1.92 0.94 0.19 "mep- 3 | F 40556
RWT1 0.0 —100 : : . . ! - sM= 8 | w +0.005
PERT.R/O (INJ] 0.4 1.91 032 0.09 5P +D.021
REF (R/F/R/O)| 1200 1.06 194 11.68 SU +0526
A% OF R/O 333 -0.5 1.1 ~31.6 +33.3 ~1.0
STORMR/F | 1.08 2.04 182 222 STORM U/$
Aawiz 0.05 -50 F +0.666
REF.R/O (INJ]  o0.00 1.92 0.54 0.18 gli‘F: i W 40010
PERT. R/O (IN.)]  0.06 191 0.93 0.12 SP +0.022
REF (R/F/R/OH  12.00 1.06 1.04 11.68 SU +0.632
A% OF R/D +66.7 +0.5 +1.1 +62.2 0.0 +4.2
STORMR/F | 1.08 2.04 1.82 2.22 STORM U/S
F !
Rw 14 0.12 +100 REF. R/O(IN.)|  0.09 192 0.94 0.19 REF= 3 +0.667
' SIM= 3 | W +0005
PERT. R/ (1N.) 0.16 1.93 0.95 0.3t 5P +0.011
REF {R/F/R/0) 12,00 1.08 1.94 11.68 SU +0.632
&% OF R/O +133.3 +1.6 +6.4 +126.3 a.0 +10.0
STORM R/F 1.08 2.04 1.82 222 STORMU/S
F +0.666
RW15 0.3 +200 REF.R/O (IN.}| o098 192 0.94 0.19 REF = 3
SiM= 3 | W +0.008
PERT. R/O {IN,) 0.21 1.95 1.00 043 P +0,032
REF (R/F/R/O)[ 12,00 1.06 1.94 11.88 SU +0.631
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TABLE &-20
ANNUAL R/F = 50.93 IN

SENSITIVITY ANALYSIS OF FwTR (0.10 REF) EVAPOTRANSPIRATION NET = 33.02 IN
SUBWATERSHED NO.7 1,111 5Q. KM TOTAL OBSERVED ANNUAL R/O = 18.29 (N
SIGNIFICANT STORM:
S s 9/30/68
a% 10/15/67 1/8/68 4/26/68 B/14/68 LOW ANNUAL
PARAM PERTUR- | OUTPUT FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O —786 ~8.0 -3.2 —56.7 +121.1 -0.2
STORMR/F 1.58 2.76 192 2.95 STORM U/S
RW11 0.0 —-100 REF.R/OON)| 014 1,68 0.63 0.30 REF= qg] F +0.78F
siMm= 42w +0.060
FERT. R/O (1N, } 0.03 1.66 0.581 013 SP +0.032
REF (R/F/R/O)] 11.29 1.68 3.05 9.83 SU +0.567
A% OF R/O -42.9 -3.0 1.6 -333 +6.3 2.0
STORM R/F 168 2.76 1.92 2.95 STORM U/S
RW1Z 0.05 50 REF. R/O{IN)| 0.4 1.68 0.63 0.30 ReF= (| F +0.858
sIM= zo]w +0.080
PERT. R/O (IN.)| 0.08 1.81 0.62 n.20 sp +0.032
REF (R/F/R/OI]  11.29 1.66 3.05 9.83 SU +p.686
A% OF R/O +78.6 +6.6 +6.3 +73.3 —-105 +6.9
STORM R/F 1.58 276 1.92 2.95 STORM U/S
RWT4 0.20 +100 REF, R/O N1 0.4 1.66 0.63 0.30 REF= 19| 10786
SIM= 17| W +0.085
PERT. R/O (IN.) 0.26 1.77 0.87 0.52 5P +0.063
REF {R/F/R/Q)| 1129 166 3.05 9.83 SU +0.733
A% OF R/Q +164,3 +13.3 +18,1 +143.3 -21.1 +16.3
STORM R/F 1.58 276 1.92 2.95 STORM U/S
E+0.821
AW15 0.30 +200 REF. R/O [N} 0.14 1.66 0.63 0.30 REF= 19
SiM= 15 W +0.066
PERT. RO (IN.)|  0.37 1.B8 0.75 0.73 SP +0.095
REF (R/F/R/OI[  11.20 1.66 3.05 0.3 SU +0.716




TABLE 6-21
ANNUAL R/F = 35.81 IN

SENSITIVITY ANALYSISOF PR (010 REF) EVAPOTRANSPIRATION NET = 26.35 IN
SUBWATERSHED NO. 11 2,551 S0 KM TOTAL OBSERVED ANNUAL R/O = 1282 IN
SIGNIFICANT STORMS
9/14/68
PARAM :E’I:TU a | oureut 10/28/67 1/8/68 5/8/68 8/20/68 .EE;"W :«fL\I ON#AL
RUN 1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/D -318 ~4.8 -33 -25.0 +125.0 +0.2
STORM R/F 1.35 1.37 1.91 0.50 STORM U/S
Rw11 0.0 —100 REF. R/O {IN.) 022 0.81 0.81 0.04 REF= 8 | ' +0.318
SmM= 18 [ W +0.040
PERT. R/O (N} 015 077 0.59 0.03 sp +0.033
REF (R/F/R/0)| 614 1.69 313 12,50 SU +0.250
A% OF R/O ~18.2 25 -18 —25.0 0.0 -1.5
STORM R/F 1.35 1.37 .8 0.50 STORM U/S
F o +H0.364
RW12 0.05 _50 REF. R/Q {IN.) 022 0.81 0.61 0.04 REF= 8
gm= 8 | w +0.050
PERT. R/O4N)| 018 0.79 0.60 0.03 P +0.032
REF (R/F/R/Q) 6.4 1.69 3.13 12,50 SU +0.050
4% OF R/O +36.4 +4.9 +4.9 +25.0 —~125 +7.0
STORM R/F 1.35 1.37 1.91 0.50 STORM U/S
AW 0.20 +100 REF. R/O {IN.) 0.22 0.81 061 0.04 REF = g | F *0.388
Sim= 7| W +0.043
PERT. R/O {IN.) 0.30 0.85 0.64 0.05 Sp +0.049
REF (R/F/R/O)| 9.0 1.8 16.1 su +0.250
A% OF R/O +77.3 +9.9 +14.8 +75.0 —25.0 +16.2
STORM R/F 1.35 1.37 191 0.50 STORM U/S
+0.386
RW1S 0.30 +200  {REF.R/O{INJF 022 0.8 0.61 0.04 reF= 8| "
siM= 6 | W +0.049
PERT. R/O (IN. 0.39 0.82 0.70 0.07 s  +0.074
REF {R/F/R/O} 8.14 1.68 3.13 1250 su  +0.375
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TABLE 6-22

‘ SENSITIVITY ANALYSISOF  FwWTR -100% PERTURBATION {0.10 REFERENCE}
SMALL, SNOW % REGIONAL WATERSHEDS

SIGN{FICANT STORMS
AREA’ EPAET LOW ANNUAL
|WATERSHED | (s k) {IN) OUTPUT _ FLOW FLOW
FALL WINTER SPRING SUMMER
RUN 1D A%OFR/O | -59.1 24 0.0 278 +119.4 +1.0
000
sToRmpsr | Q43 | 1723164 S 814/64 | op7i6a | sTORMUSS
SMALL 366 45 REF. R/O 0.44 2.39 104 0.36 REF= 36 | [ *0.597
W +0.034
PERT. R/O 018 2 194 0.26 SiM= 79 | e 400
REF (R/F/R/OI] 711 1 o133 1.48 6.00 Sy +0.278
RUN ID A%OFR/O | -0a 4.2 135 532 +30.4 37
v STORMR/F | JOI8/57 | 4721758 $00558 | 8A3/%8 ) anies | sToRmuss
SNOW 277 32 REF.R/0 0075 0.041 1.050 0.113 REF= 23 | £ *060
W +0.042
PERT.R/G | 0.045 0.039 0.908 0.042 SIM= 30 | sp +0135
REF (R/F/R/0)| 3987 - 170 9.65 SU +0.633
RUN ID A% OFR/O | -533 -2.0 +B9 -26.0 0.4 1.0
RW11 &% OF oCT JAN APR AUG ‘
MONTHLY R/0] 152 ey +20 ) 8/15/68 | STORMUIS
REGIONAL | 22,248 41 REF. R/O 015 1.00 0.45 0.08 REF = 768 | 10533
- W +0.020
PERT.R/0 | D07 098 0.49 0.06 siM= 767 | 4o _g om0
REF, MONTH- SU +0.250
R 0.191 3.703 2.660 0.340
RUN 1D T aA%0FRO | 118 53 -8.3 57.1 +1185 +0.1
RW11
10/15/67 1/8/68 4/76/68 | B/18/68
SUB. stormRE | D4 L) Tes 270 9/25/68 | STORMU/S
WATERSHED| 2,326 50 REF. R/O 0.18 169 0.80 0.14 REF= 27 | F *0778
N1°- W +0.053
PERT.R/0 | 0.04 1.60 0.75 0.06 SIM= 59 | sp ,0.063
REF {R/F/R/O)| 12,00 113 4.36 19.93 5u +0.5M
RUN iD A%OFR/O | -679 =237 +2.0 -47.8 #116.7 0.7
RW11
B stoRm R/F | 1D1S/87 | 1/9/68 12588 | 73188 | g0/m STORMUSS |
WATERSHED| 435 50 REF. R/O 0.28 2.23 0.51 0.23 ReF= 1z | F *087 |
NO. W 40027 |
3 PERT. R/Q 0.09 2.17 0.52 0.12 Si= 26 | oo _ppozo i
¢
REF (R/F/R/O]| 896 1.39 3.33 9.61 Su +0478
RUN 1D A%OFR/O | -55e -85 21 526 +166.7 +0.2
SUB. STORMR/F | 'PRS/67 || 1/0i68 42568 | B3R | gpgmm | sTormuss
WATERSHED
NO 1.064 7 REF.R/O 0.09 1.92 0.94 0.19 REF = 3 F+0.556
S . W +0.005
PERT. R/O 0.04 1.91 0.92 0.09 SiM= B 5P +0.021
i REF (R/F{R/OI| 12,00 1.06 1.94 11.68 SU +0.526
RUN ID AKOFRIO | -786 .0 32 £6.7 +121.4 0.2
RW11
0/15]67 | 1/8/68 4/26/68 8/14/68
SUB- STORMR/F | 158 2.76 142 296 9/30/68 | STORMU/s
WATERSHED| 1111 40 REF. R/O 0.14 1.66 0.63 0.30 ReF= 19 | F 078
: W +0.060
7
PERT. R/O 0.02 1.56 061 0.13 stM= 42 { o L0032
REF (R/FfR/OH 11.20 1.66 3.05 9.83 SU +0.567
RUN ID A%OFR/O | 318 49 33 -25.0 +125.0 0.2
RW11
10/28/67 |  1/8/68
suB- STORM /e | 1R Va7 e ta " | onaies | sToRmuss
WATERSHEDY 261 30 REF. RO 0.22 0.81 0.1 0.04 Rep=g | F 10318
1 W +0.049
PERT. R/O 018 0.77 059 0.03 Sii=13 | s +00m33
ReF (RiFmio)| €14 1.69 313 12,50 SU +0.250




SENSITIVITY ANALYSIS OF

TABLE 6-23

FWTR  +100% PERTURBATION (0.10 REFERENCE)

SMALL, SNOW & REGIONAL WATERSHEDS

SIGNIFICANT STORMS
AREA’ EPAET Low ANNUAL
‘| WATERSHEDT ey wcpy (1N OouTPUT ] FLOW FLOW
FALL WINTER SPRING | ‘SUMMER
RUN ID A% OF R/O +63.8 +34 +0.5 +38.0 -1 +2.8
5016 =
11/4/83 1/23/64 5/1/64 8/14/64
STORMRA/F | 345 110 2.87 2.16 9/27/64 | ST °F;"‘;;';S
F 40,
. 3 REF =36
SMALL 385 a5 REF. R/O 0.44 2.39 194 0.36 W +003a
PERT. R/Q 0.72 247 1.95 0.50 SIM=32 SP +0.500
REF (R/FR/O)| 7.1 1.33 1.48 6.00 su +0.389
RUN 1D A% OF R/O +61.3 +34.2 +13.4 +78.2 87 +5.3
10
T0/18/57 | 4721758 5/10/58 8/13/68
STORMA/F { 07 2 Sl 813 o/7/58 STORM U/S
+
SNOW 217 32 REF. R/O 0.075 0.041 1,060 0.113 REF=23 | F 10613
W +0.342
PERT. R/Q 0.121 0.055 1191 0.202 Sim= 21 SP +0.134
- REF (R/F/R/0}| 2097 — 1.70 4.65 SU +0.782
RUN ID A% OF R/O +52.3 +3.0 0.0 +50.0 +49.2 +7.4
Rw14
A% OF OCT JaN APR AUG
MONTHLY Rio|  +38.7 Feg s v 9/15/68 STORMU/S
r +0.
REGIONAL | 22,248 a1 REF. R/O 0.15 1.00 0.45 0.08 ReF =768 | £ TO5%
W +0.030
PERT. R/O 0.23 1.03 045 0,12 8IM=1146| op g
PEFRMONTH- | 4,191 3703 2,560 0.340 SU +0.500
RUN 1D A% OF R/O 4833 +5.3 +1.5 +78.6 -1t +6.2
RW14
10715/67 1/B768 /26768 8/18/68
sUB. stormasr | L by a9 o9 9/25/68 STORMU/S
WATERSHED| 2,326 50 REF. R/O 0.18 1,89 0.80 0.14 REF-2z7 | F +0833
NO. i W +0.053
1 PERT. R/0 033 178 0.86 0.25 SIM=24 | co o078
REF (R/F/R/O) 1200 1.13 436 19.93 SV +0.786
AUN ID A% OF R/O +75.0 2.7 18 +60.9 -16.7 +6.4
RW14
10/15/67 179768 4/25/68 7/31/68
sua. sToRmR/F | D0 i Yz2a L o/2/e8 STORM U/S
WATERSHED| g3 50 REF. R/O 0.28 223 051 0.23 REF=1z | F *0.750
. NO, ‘ W +0.027
3 PERT. RO 0.49 2.28 0.56 0.7 sim=10 | g 40008
REF {R/F/R/O)|  B8.96 1.38 3.33 9.61 5 +0.609
2#!;4410 A% OF R/D +66.7 +0.5 1.1 +63.2 0.0 .2
- 10/15/67 1/9/68
SUR. sTormsF | 'O01EM7 [ 1/ Y568 | 5038 | spoes | stormuss
WATERSHED| 1,064 37 REF. R/O 0.08 1.92 0.94 0.19 REF=3 | F *0.8667
o, W +D.005
PERT, R/O 0.15 1.93 0.95 0.31 SIM= 3 @ +0011
REF {R/F/R/O}] 12.00 1.06 1.94 11.68 SU +0.632
- RUN ID A%OFR/0 | +786 +6.6 +6.3 +73.3 105 +6.9
RW14
16/15767 178768 4/25/68 B/14768
sus. STORM R/F Tig 276 Yas 595 9/30/68 STORM U/S
WATERSHED[ 1,111 20 REF. R/O 0.14 1,66 0.62 0.30 REF-=19 | F 10786
o, : W +0.066
PERT. R/O 0.25 177 0.67 052 sm=17 | & w0083
REF (R/F/R/0)] 1120 - 1,66 3.05 2.83 SU +0.733
RUN ID 4% OF R/O +36.4 +4.9 +4.9 +25.0 -12.5 +7.0
RW14
10728767 1/8/68 5/8/68 8/20/68
cus. STORM R/F b bk 191 e 8/1a/68 STORM /S
WATERSHED] 25651 30 REF. R/O 0.22 0.81 0.61 0.04 rep=g | F 70384
m W +0049
PERT. R/O 0.30 0.85 0.64 005 sm=7 | s 40048
REF (R/F/R/ION 614 1.69 313 12.60 SU +0,250
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Figure 6-7, Water Surface Ares Study, Fall Storms
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Figure 6-8. Water Surface Area Study, Small Watershed
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6.3.3 VINTMR, VEGETATIVE INTERCEPTION MAXIMUM RATE

VINTMR is the maximum volume of interception by branches and stems
of vegetation. This parameter refers to the maximum volume of precipi-
tation which will be caught and held by a vegetation canopy during a

period of rainfall.

The study used the following table of values suggested by Crawford
and Linsley.

WATERSHED COVER ' . VINTMR (INCHES)

Grassland | , 0.10
Moderate Forest Cover - 0.15
Heavy Forest Cover | ‘ _ 0.20

VINTMR is indirectly obtainable from remoté sensing by land-use
classification and the use of table such as that above.

Sensitivity analysis results (Tables 6-24 through 6-33) indicates
that VINTMR is not particularly influential. In previous sensitivity
analysis studies it has been shown that changing VINTMR has negligible effect
during all seasons. Large changes in VINTMR showed their most pronounced
effect when applied to subwatershed number 5, which experienced a light
strom (total rainfall 1.08 inches) during a 7-day period and a total storm
runoff of 0.04 inches. Results of this study has been plotted (Figures
6-10 through 6-14) to show that VINTMR has a unit sensitivity of 0.074
during the fall season when perturbed +50%.

6-41



SENSITIVITY ANALYSIS OF

TABLE 6-24

VINTMR J{0.15)

ANNUAL R/F = 68.23 IN
EVAPOTRANSPIRATION NET = 24.24 IN

SMALL WATERSHED 366 5Q. KM
TOTAL OBSERVED ANNUAL R/O = 31,38 [N
A% SIGNIFICANT STORMS
9
PARAM PERTUR /27/64
RUN | outeur 11/4/63 1/23/64 5/t/64 8/18/64 Low ANNUAL
D VALUE BATION FLOW FLOW
FALL WINTER SPRING " SUMMER ]
A%0FRf0 | +0z2 08 +0.8 -08 +5,1 +0.3
STORM R/F 313 3.19 ., 2.87 216 STORM U/S
sa1g .00 ~100 REF.R/O {IN]| 0175 23 1.94 . 0.256 _ F —0.002
3 REF=7.9 | 5009
FERT.R/0 (IN}| 0.180 229 1.95 0.253 M= 8.3 S —0.008
REF (R/F/R/Q} 17.9 1.38 1.47 B.3 SU +0.006
A% OF R/Q -0.1 +0.7 #.2 08 —25 —0.04
STORM R/F 3.13 219 2.87 216 STORM U/s
F —0.00
s019 0.90 100+ AEF.R/O (W) 047 2 194 0.265 REF=19 | v vo00r
PERT. R/O (INY]  0.173 233 1.96 0.250 SIM= 77 | o 40.012
REF (R/F/R/0)| 170 1.38 147 8.3 Su -0.009
A%DFRO | ~0.2 +1.0 +35 — J— —
STORM R/F 313 3.19 2.87 216 STORMU/S
Dozo 050 28 Taer rio ot oars 231 1.94 0.255 £ —0.001
REF=79 |w 0008
PERT. R/O (IN}| ©.174 234 2.01 _— SIM = | s00s
6-42 REF (R/F/R/O} 17.9 1.38 1.47 B3 sU ——

b- 4>



TABLE 6-26

s ANNUAL R/F = 33.38 IN
. ENSITIVITY ANALYSIS OF  viNTMR (0.15) EVAPOTRANSPIRATION NET = 18.79 IN
NOW WATERSHED 277 50. KM _ TOTAL OBSERVED ANNUAL R/Q = 10.03 IN
SIGNIFICANT STORMS
9/7/58
A% 10/18/57 a/21/58 5/10/58 8/3/58 LOW ANNUAL
PARAM PERTUR. | OUTPUT , FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +6.9 +178 18 +95 +10.0 436
STORM R/F 2.99 0.0 1.78 1.00 STORM U/S
REF. R/O (IN.}|  0.033 0.039 0.916 0.043 Rep-3q0 | £ 0069
RW11 0.0 ~100 sim=33 |w ~0.178
PERT. R/C {IN.)]  0.035 0.045 0.800 0,047 s +0.018
] REF (R/F/R/O)| 91 —_ 194 25 su -0.095
A% OF R/D +1.1 +4.4 -0.3 +2.4 +3.3 +0.48
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
AWI2 0.075 —50 HEF. R/O {IN.)|  0.033 0.039 0.916 0.043 Rep=30 | T 092
SIM = 31 w --0.088
PERT. R/O INY 0034 0.041 0.900 0.047 gp +0.006
REF (R/F/R/O) 91 —_ 1.94 25 su —0.048
A% OF R/O 0.6 26 .t —z.2 o0 ~0.39
STORMR/E | 299 0.0 1.78 1.09 STORM U/S
~0.012
W13 0.5 50 REF. RO ()| 0.033 0.039 0.916 0.043 mep-3p [T
-1 SiM= 30 | W -
PERT. R/GHIN.) 0,032 0.038 8.917 0.042 gp +0.002
REF (R/F/R/01| 91 - 1.94 25 SU —0.044
A% OF R/OQ —0.7 —4.6 .40 —~4.5 0.0 -0.73
STORM R/F 2.99 0.0 1.78 1.09 STORM LS
RW14 0.30 +100 F—0.007
REF. R/O IN.}|  0.033 0.039 0.916 0.043 REF = 3.0
SN sM= 30 | W —0.048
PERT. R/O (1N.} —0.6 —-B.7 +0.1 —B.1 sp G001
REF {R/F/R/O} 91 1.94 26 sy -0.048
A% OF RAD —0.8 -8.7 +0.1 —B.1 0.0 -D.04
STORM R/F 2.93 6.0 1.78 1.09 STORM U/S
—0.003
RW15 0.45 so00  |REF-RIOGNI] 0033 0.039 0.916 0:043 REF=30 | ©
o SM= 0 | w —0.083
FERT. R/O (IN.)}  0.032 0.036 0.917 0.040 o 0,005
f-13 REF (R/F/R/Q} Y 1.94 75 sy —0.040
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TABLE 6-26 ANNUAL R/F = 41,89 IN

SENSITIVITY ANALYSIS OF VINTMR (0,15} EVAPOTRANSPIRATION NET = 32.90 IN
REGIONAL WATERSHED 22,248 5Q. KM TOTAL OBSERVED ANNUAL A/O = 16.41 N
SIGNIFICANT STORMS
9/15/68
A%
9/68 11/68
AUN PARAM PERTUR. 10/28/67 1/21/68 5/8/6 811/ LOW ANNUAL
iD VALUE | BATION OUTPUT FALL WINTER SPRING suMmER |, Frow FLOW
4% OF R/O +8.0 +0.4 2.9 +257 +32.1 +2.79
A% OF QcT JAN APR AUG
MONTHLY R/0|  +4.52 +0,19 +1.42 £22.48 STORM /S
RW16 0.0 100 | aer.rio o | o.00e 0.980 0.487 | 0.064 F 0090
REF=644 |W —0.004
PERT.R/O (W) g1 0.981 0.50 0.08 sm= 851 | o _go20
T 0y 3634 2,600 0.258 su —0.:257
A% OF R/O +15 0.2 +0.6 +4.7 +3.42 +0.47
% OF oCT AN APR AUG
MONTHLY R/O|  +1.3 +0,06 +0.23 +4.26 STORM U/S
—0,030
REF.R/O (NI 0.009 0.980 0.487 0.064 F
RW13E 0.075 —50 REF=644 |w —0.004
PERT. R/0 ()] o0 0.082 0.490 0.067 sim= 686 | 4612
pE T ey 1634 2.600 p.258 SU -0.094
4% OF R/Q -14 -0.1 -0.3 —4.3 ~1.24 -0.41
3% OF OCT 15N AR AUG
MONTHLY Rio|  —1.43 —0.06 -0,19 —2.88 immg E'g
RW138 0.225 50 REF. R/ (IN} [ o099 0.980 0.487 0.064 '
REF=pga4 | W —0.002
PERT. R/O (1N)| , 0.087 0.979 0.486 0.061 SIM=636 | 5P —0.006
A IR T 363 2,600 0.258 Sy -0.088
A% OF R/O 26 0.1 ) -85 —2.48 —0.74
A% OF oCT JAN APR AUG
MONTHLY R/0|  —2.26 —0.03 —0.35 ~7.36 STOH“’S ‘;é i
F -0
- 0.30 «00 | REF.RO 0ny | 0.009 0.980 0.487 0.064
REF-644 | W —0.00
PERT. R/ (IN)|  0.099 0.98 048 0.08 siM=628 | o 0007
REFMONTHLY | g.177 3634 2.600 0.258 su —0.085
A% OF R/0 5.2 o0 1.4 173 ~5i2 | -1.55
% OF oCT JAN APR AUG
MONTHLY R/0]  —a.52 —0.06 ~2.54 —16.28 STORM U/S
Rw1B 0.50 +233 Fo—no22
REE. R/O {tN) | ©.099 0.980 0.487 0.064 :
IR PR REF-6a4 |w —D.0
PERT.R/O(INI| 000 0.98 0.48 0.05 stv= 611 | gp —n.006
6-44 r e 0 3.634 2,600 0.258 su -—-0.077

-4



TABLE 6-27 ANNUAL R/F = 59.30 IN

SENSITIVITY ANALYSIS OF  vintmr (0.15) EVAPOTRANSPIRATION NET = 40.29 [N
SUBWATERSHED NO. 1 2,326 50. KM TOTAL OBSERVED ANNUAL R/O = 19.63 IN
‘ SIGNIFICANT STORMS
A% 9/25/68
RUN PARAM PERTUR PUT 4/25/68 8 68 LOW ANNUAL
D VALUE gation | OVTPY 1015/67 1/a/68 /261 18/ FLOW FLOW
FALL WINTER SPRING SUMMER
A% OF R/O +3.6 ~0.3 +1.8 +20.7 +26.6 +1.71
STORM R/F 2.16 181 3.49 2.79 STORM U/S
REF.R/0 (IN}| 0045 1609 0.748 0.059 epoas | F o0
RW16 0.0 —-100 Smoas | W +0,003
PERT. R/O {IN. 0.05 1,60 0.78 0.07 ¢ —0.018
REF {R/F/R/O) 48 1.18 465 46,5 su —0.207
4% OF R/D +0.4 +0.2 +0.2 +1.2 0.0 +0.21
STORM R/F 2.16 191 3.49 2.79 STORMU/S
RW138 0,075 —50 REF. R/O (IN.) 0.045 1.609 0.749 '0.059 _ F -0.008
: 2|i'|F—_§f w ~0.004
PERT. R/O IN.Y  0.045 1612 0.751 0.059 sp —0.004
REF (RIF/R/O| 48 118 4,65 465 sy -0.024
4% OF R/O -0.4 0.0 0.0 0.8 —2.94 -0,13
STORM R/F 2.16 191 3.49 2.79 STORMU/S
AW139 0.225 +50 F 0008
REF. R/C {IN.} 0.045 1.609 0749 0.059 _ e
REF =34 w00
Sina = .
PERT. R/O(IN.)] o044 1,609 0.749 0.058 33 P 0.0
REF (R/F/R/Q} 48 1.18 465 46.5 SU —0.06
A% OF R/Q -u.y +0.2 —0.2 -1.6 —-2.94 -0.24
STORM R/F 2.16 1491 3.49 2.79 STORM /S
RW17 0,30 +100 - F 0.608
REF. R/O (IN.} 0.045 1.609 D.749 0.069 ’
: gIEMF = 3; W +0.002
PERT. R/O (IN.)| 0,04 161 0.74 0.059 3 sp 0,002
REF (R/F/RIO} 48 118 4.65 46.5 s5u -0.016
4% OF R/D ~18 +0.3 —06 ~3.5 —5.88 ~0.49
AW 18 0.50 +233
STORM R/F 216 191 349 2.79 STORMU/S
F  -0.007
REF. R/O (IN.} 0.045 1.609 0.747 0.059 REF = 34
PEAT. R/O (IN)| 0.0 1.61 074 0.06 siwe 3z | W 000
: : - : - : s -0.003
6-45 REF (R/F/R/Q) 48 118 4,65 46.5 su -0.015




TABLE 628

 SENSITIVITY ANALYSIS OF VINTMR (0.15) B O N NET = 37.42 IN
SUBWATERSHED NO.3  81350. KM TOTAL OBSERVED ANNUAL R/ = 26.14 IN
SIGNIFICANT STORMS
A% 9/2/68
AUN 1D r.rﬁ.:\tﬁné ;iﬂgﬁ_ GUTPUT 10/15/67 1/9/68 4/25/68 7/31/68 #ng ?E‘S’#AL
FALL WINTER SPRING SUMMER
A% OF R/D +3.5 0.2 24 +7.3 +4,35 +0.87
STORM R/F 251 an 170 221 STORM U/S
Py F —0035
RW 18 0.0 —100 REF. R/O (IN.} 0.095 2170 .521 | 0.117 REF = 23 w +0.002
pERT. R0 (M| 0.0 216 0.53 0.13 SIM=2% 1 o o024
REF (R/F/R/O)|  26.4 1.43 3.26 18.9 sy —0.073
A% OF R/C +0.4 0.2 +0.1 +0.8 0.0 +0.05
STORM R/F 251 31 1.70 221 STORM U/S
£ —0.008
W 138 0.075 50 REF.R/OUN) | 0005 2.170 0.521 0.117 ReF-zs |y oons
=23
PERT. R/O (IN.)|  0.095 2173 0522 0.118 Sim P —0.002
REF [R/F/R/Q)| 264 1.43 326 18.9 Wy -0.618
A% OF R/O 0.4 0.0 0.0 -05 0.0 -0.04
STORM R/F 2.5 311 1.70 2.21 STORM U/S
Rw 139 0.225 *5u REF. R/OUNG] 0095 2.170 0.521 0.117 ) F —0008
REF=23 |y g0
pERT. A/0 (1NY|  0.004 2169 0.521 0.116 Siw = s 00
REF (R/F/R/0)| 264 1.43 3.26 18.9 su —0.010
A% OF R/O -9 0.0 -0.2 -1.0 0.0 —0.04
STORM R/F 251 3.1 1.70 2. STORM U/S
-l F —o009
AW 17 0.30 +100 REF.B/O(IN.}]  0.095 2.170 0.521 0.117 REF=23 |, 00
PERT. R/O (N} 0.00 217 0.52 042 SiM=23 | b o002
REF (R/F/R/Q) 26.4 1.43 326 18.9 sU —0.010
A% OF R/O -20 —0.5 —08 -25 ) -0.23
STORM R/F 251 311 170 221 STORM U/S
REE.R/O (IN.) |  0.095 2.170 521 0.117 F -0.009
Rw 18 0.50 +233 - . - - - - REF =§33 W —0.002
SIM =
PERT. R/O (INJ| 009 2,18 0.52 0.1 S —0.003
6-46 REF (R/F/R/Q} 26.4 1.43 3.26 189 su -0.0m




TABLE 629 ANNUAL R/F = 38,24 IN

SENSITIVITY ANALYSIS OF VINTMR (0.15) EVAPOTRANSPIRATION NET = 27.87 IN
SUBWATERSHED NO.5 1,084 $0. KM TOTAL OBSERVED ANNUAL R/O = 22.36 IN
SIGNIFICANT STORMS 9/29/68
A% 10/15/67 1/9/68 4/25/68 8/13/68 L ANNUAL
PARAM PERTUR- | OUTRUT o ngw FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +18.4 -03 +1.6 +14.8 +26.0 +1.02
STORMRA/F | 1.08 2,04 1.82 2.22 STORM U/S
F 0,84
_ REF. R/O {IN. Y 907 0.921 0.086 REF=4
RW 18 0.0 100 fO 1IN 0.036 1.90 preige W +0.003
PERT. R/O {INL) 0.04 1.90 0.94 010 Sp —0.016
REF {R/F/RfO)| 30 1.06 1.97 25.8 su ~0.48
A% OF R/O 1z +0.2 0.2 425 +26.0 +0.10
STORMA/F | 108 .| 204 1.82 222 STORM /S
F 0074
RW 138 0.075 —50 REF. R/O {IN.}|] 0.036 +.907 0.921 0.086 REF =4
SMo5 | W —0.004
PERT. R/O (IN)]  0.037 1912 0.924 c.088 5P —0.004
REF [R/E/R/ON| 30 1.06 1.97 5.8 sU -0.050
A% OF R/O -a7 —0.1 -02 25 0.0 -0.07
STORM R/F 1.08 2.04 1.82 2.22 STORM U/S
RW 139 0.226 +50 REF. R/O UN.) |  0.038 1.907 0.921 0.086 REF=4 | 007
I SIM= 4 w  -0.002
PERT. R/O{IN.)|  pp35 1.905 0.920 0.084 sP —D.004
REF (R/F/R/OY| 30 1.06 197 258 50 -0.050
A% OF R/Q 7.4 -0.1 —-0.3 —4.6 00 -0.14
STORMR/F | 1.08 2,04 182 - 2.22 STORM U/S
F  -DD74
REF. R/O (IN.)|  0.036 1.907 0.921 0.086 REF -4
AW 17 0.30 +100 S = 4 w  -0.001
PERT. R/Q (N 0.03 191 0.92 0.08 SP —u.u03
REF (R/F/R/O)] 30 1.06 1.97 2538 su —0.046
A% OF R/O -16.1 0.0 +0.7 -11.0 0.0 —0.35
STORMR/F 1.08 2.04 1.82 222 STORM U/S
RW 18 .50 +233 REF, R/O {IN.}| 0.038 1.907 0.921 - D.086 hEpog | 0089
sm=4 |[W 00
PERT.R/O 1IN 0.03 191 092 0.08 sP +0.003
6-47 REF (R/F/R/O)| 30 1.06 1.97 25.8 su -0.050

b-47



SENSITIVITY ANALYSIS OF vINT™A (0,15

TABLE 6-30

ANNUAL R/F = 50.93 IN
EVAPOTRANSPIRATION NET = 33.02 IN

SUBWATERSHED NO.7 1,111 5Q. KM TOTAL OBSERVED ANNUAL R/O = 18.29 IN
T STORM
SIGNIFICANT STORMS 8/30/68
A% 10/15/67 1/8/68 4/26/68 8/14/68 Low ANNUAL
PARAM PERTUR. | OUTPUT o FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/D +2.0 —0.4 +2.3 +4.1 +7.5 +1.29
STORM R/F 1.58 2.76 1.82 2,95 STORM U/S
AW 16 6.0 —100 REF.R/O (IN.)| DD29 1567 0610 0.127 REF=40 | F —0.020
SIM=43 |w  +0.004
PERT. R/O (INJ|  0.03 1,66 0.62 013 s o023
REF (R/F/R/QY 545 177 3.4 23.2 su —0.041
A% OF R/O +0.1 0.2 +0.6 +0.8 +25 +0.16
STORM R/F 1.58 2.76 1.92 295 STORM /S
~0.002
REF. R/O{INJ| 0020 1.557 0.610 0.127 REF=4a | &
AW 138 0.075 50 u SIM = 41 ™ +0,004
’ PERT. RO (N  0.029 1.554 0,613 0.128 & —0m2
REF (R/F/A/0)| 545 177 314 232 U ~0.013
A%0QFR/O | _p2z +0,1 0.2 —0.4 0.0 -0.13
STORM R/E 158 2.76 1.92 2.95 STORM U/S
REF.R/O (N} | Doz 1.557 0.610 0.127 rer-ao | 2%
RW 139 225 +5D - . ! - - - =
W 0 sim= 40 |W *0:003
PERT. R/O (IN.)|  0.029 1.558 0.608 0.126 s —0.004
REF (R/F/R/01| 548 177 314 23.2 su —0.008
A% OF R/O -0.4 0.0 ~0.4 -0.8 0.0 —0.25
STORM R/F 158 2.76 1.92 2.95 STORM U/$
F 0004
aw 17 0.30 +100 REF. R/O (IN.}|  0.023 1557 0.610 0.127 REF = 40
sim=40 | W 00
PERT. R/Q (IN,)] 0.03 1.56 0.61 0.3 Sp -0,004
REF (R/F/R/0Y 645 177 3.14 232 SU —0.008
A% OF R/O -0.9 0.0 1.0 —1.6 -25 055
STORM R/F 1.68 2.76 1.92 2.95 STQRM U/S
RW 18 0.50 +233 ref. r/oUN) | 0.020 1.567 0.610 0.127 Reg-ag |F 0004
SM=3% |w —00
PERT. R/O{IN)| 0.03 1.56 0.60 0.2 s —0.004
6-48 REF (R/F/R/O)| 545 177 314 212 su —0.007

(-4%



’ TABLE 831
SENSITIVITY ANALYSIS OF  vinn (01 et o e - 2635

SUBWATERSHED NO. 11 2,551 50. KM TOTAL OBSERVED ANNUAL R/D = 12.82 IN
SIGNIFICANT STORMS '
. . 9/14/68
A% 1 LOW ANNUAL
PARAM | PERTUR. OUTPUT 10/28/67 1/8/68 5/8/68 8/20/68 Low Aty
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +8.3 10 . +3.1 +38,8 +22.2 +2.97
STORM R/F 1.35 137 . 1.9 0.50 STORM U/S
RW 16 0.0 —-100 . F
REF. R/O {IN.} 0.150 0.769 0.588 0.031 REF=9 —0.083
SIM=1q1 | W +0.010
PERT. RIO(INY| 0.6 0.76 0.61 0.04 s —0.031
REF {R/E/R/OH 90 18 324 16.1 sy -0.338
A% OF R/Q +1.7 +0,13 +1.0 +8.0 +11.1 +0.70
STORM R/F 1.35 1.37 1.91 0.50 STORM U/S
F—0.034
AW 138 0.075 —50 REF, R/O (IN.}|  0.150 0.769 0.588 0.031 REF =8
siM=1i0 | W —0.003
PERT. R/O(INJ|  0.153 0.770 0.593 0.034 sp ~0.010
REF (R/FR/DY 0.0 18 3.24 16.1 sy —0.090
A%OFR/O | —1.8 0.0 -1.6 -B.7 0.0 —0.50
STORM R/F 1.35 137 191 0.50 STORM U/S
RW 139 0.225 +50 REF. R/O (M|  0.150 0.769 0.588 0.031 REF=9 | F 0018
siM= 9 w 0D
PERT. R/O{INY 0148 0.769 0578 0.02¢ & —0.016
REF (R/F/R/O) 9.0 1.8 3.24 16.1 sU -0.087
A% OF R/Q ~35 +0.2 -31 ~16.4 111 147
STORM R/F 135 137 1.1 0.50 STORMU/S
RW17 030 *100  fger R/OGN)]  0.150 0.769 0.588 0.031 ReF=g | —0038
sIM=8 W +0,002
PERT. R/O(IN.} 0,14 077 0.57 0.03 sp —0.037
HEF (R/F/R/ON 9.0 18 3.24 16.1 sU -0.154
A% OF R/O -73 -0.4 -5.8 295 ETY —2.32
STORM R/F 1.35 1.37 191 - 0.60 STORM U/S
Rw 18 0.50 28 lger p/o (NG| 0.150 0.769 0.588 0.031 Rep-g |F 003
SiM =8 W —0.025
PERT. R/Q (IN.) 0.14 0.77 0.55 0.02 s —0.002
6-49 REF (R/F/R/O)| 9.0 1.8 3.24 161 - sU -0.37

b -4



SENSITIVITY ANALYSIS OF  VINTMR +60%PERTURBATION (0.15}
SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 6-32

SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED| 55 wm) ) OUTPUT FLOW FLOW
' FALL WINTER SPRING SUMMER
RUN ID A% OF R/O
sToRMR/F | 11/3/63 1/z3164 S 8/14/64 9/27/64 | STORMUWYS
SMALL 365 45 REF. R/O 0.175 2.31 184 0,266 REF =7.9 ;
PERT. R/Q 5IM = op
REF (R/FfRIOH 179 1.38 1.47 83 su
RUN 1D A% OF R/O 06 26 +0.1 22 0.0 039
13
ommr | T | T | g | 9™ | e[ sommus
SNOW 2777 a2 REF. R/O 0.033 0.039 0.916 0.043 Ref=30 |F 0012
W -0.052
PERT.R/O | 0.032 0.038 0.917 0.042 SIM= 30 [ 5P +0.002
REF {R/F/R/O}| 9 —_— 1.94 25 SU -0.044
RUN ID A%OFR/D | 14 01 03 43 125 01
RW139
A% OF oeT 1N AFR ADG
MONTHLY R/0| 113 -0.08 0.19 -3.88 9/15/68 | STORMU/S
REGIONAL | 22248 41 REF. R/O 0.099 0.980 0.487 0.064 ReF =gag | £ -0-028
W -0.002
PERT. R/O 0.097 0.979 D.486 0.061 Siv= 636 | gp _opps
REF. MONTH- SU -0.026
REF. Mt e.177 3.634 2.600 0.258
RUN 1D A%OFR/O | -04 0.0 0.0 08 204 -0.13
Rw139 10/15/67 1/8/68 4/26/68 8/18/68
SuB. stoAm A [ 120 Ve o 79 9/25/68 IS:TOF;f\; 0ua.'s
WATERSHED 2,326 50 REF. R/O 0.045 1.609 0.749 0.059 REF = 34 -
NQ, - W 0.0
1 PERT. R/O 0.044 1.609 0.749 0.053 SIM=33 | s on0
REF (R/F/R/IOI| 48 1.18 4,65 465 SU -0.016
RUN ID A%OFR/O | -04 0.0 0.0 0.5 0.0 004
RW139
sromurr | BRT0 | 190 | TS | T30 | saes | sromuns
WATERSHED|  g43 50 REF, R/O 0.095 2170 0.521 017 Rep-pz3 | F 0008
NO. W 00
3 PERT.R/0 | 0.094 2.169 0521 0.116 SIM=28 | o po
REF (R/F/R/O}| 264 1.43 326 18.9 sU -0.210
RUN 1D A% OF R/D -3.7 -0.1 -0.2 -25 0.0 -0.07
RW139
10/15/67 178768 4/25/68 8M13/68
suB. stormpsF | 0L on Ve i 9/20/68 STORM U/S
074
IWATERSHED| 4 ey 37 REF. R/O 0.036 1907 0.921 0.086 REF = 4 F 00
w -D.0gz
5 PERT. R/O 0,035 1.906 0.920 0.084 stm=4 | gp -no0a
‘ REF (R/E/R/DY| 30 1.06 1.97 258 5u -0.050
!;
RUN ID 4% OF R/O 02 0.1 0.2 04 0.0 013
RW139
10/15/67 178768 4/26/68 B/14/68
SuB. stormR/F | 1O A 3128 S oe 9/30/68 STORM U/S
WATERSHED | 4 194 40 REF. R/O 0.029 1567 0.610 0.127 REF=4o | F 0004
N;?. w +0.002
PERT. R/O 0.029 1,558 0.608 0126 siM=40 | ¢p _0.008
REF (R/FfR/O)| 545 177 3.14 232 su -0.008
RUN 1D A%OFR/O | -18 0.0 18 87 o0 0.060
RW139
10/28/67 /468 G/B/68 B/20/68
suB. sTORMR/F | 1928 Ve S/ R a/14/68 STORM U/S
WATSSSHED 2,581 30 REF. R/O 0,150 0.763 0.588 0.021 REF=9 F _g'gm
: WO
" PERT. R/O 0.148 0.769 0.578 0.029 sm=9 | s _0016
REF (R/F/R/O) 90 1.8 3.24 16.1 Su -0.087




SENSITIVITY ANALYSIS OF
SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 6-33

VINTMR -50% PEATURBATION (0.15}

SIGNIFICANT STORMS
AREA EPAET Low ANNUAL
WATERSHED| 50 kM) () OuTPUT . . FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O
11/4/63 7/23/64 5/1/64 sams |-
STORMR/F | 313 3.19 2.87 216 9/27/64 | STORMU/S
SMALL 365 45 . REE. R/D 0.175 2.9 1.94 0.255 REF = 7.9 ";
PERT. RfO Tsm= sp
REF (R/F/R/OHN 179 1.38 147 8.3 sU
RUN ID A% OF R/Q +11 +4.4 . 003 +2.4 +3.3 +0.48
12 .
: \ 10718/57 | 4/21/58 . | 5/10/58 B8/13/58
: STORMR/F | 359 Pt Al 83 o7/ | STORMU/S
SNOW 277 32 REF.R/O 0.033 0,039 0.916 0.043 REF = 3.0 u: 'g'gzz
PERT. RIO 0.34 0.041 0913 0.044 SiM=131 | p +0.006
048
REF (R/F/R/O} a1 - 1.94 25 _ S0
RUN 1D A%OFRIO | +15 +0.2 +0.6 +47 +342 +0.47
RW138 A% OF oCT JAN APR AUG
MONTHLY R/O] _ +1.13 +0.06 +0.23 +4.28 -8/15/68 STORM /S
REGIONAL |  22.248 # REF. R/O 0.009 0980 0.487 0.064 mEF-gaa | © 0O
: , W -0.004
PERT. R/O 010 0.982 0.480 0.067 SIM= 666 | gp -0.012
REF. MONTH- : su -0.094
REF. M( 0.177 3634 2,600 0.258
RUN ID A% OF R/O +0.4 +0.2 +0.2 +1.2 0.0 +0.21
‘RW138 :
10715/67 1/8/68 2726768 8/18/68
SUB. STORMR/E | 5 Yor G40 79 9/25/68 STORM U/S
WATERSHED| 2326 50 REF. R/O 0.045 1.609 0.749- ooss | ReF=34 § F 0008
NO. . - w -0.004
L PERT. R/O 0.045 1.612 0751 0.059 sim=34 | g 0004
ReF (R/F/R/01| 48 1.18 4.65 " 465 SU -0.024
RUN (D ALOFR/O | -04. 0.0 0.0 05 0.0 -0.04
RW138 :
stoRm A/ | 1D01S/67 /o168 425/68 . | 7/31/68 9/2/68 STORM U/S
SUB- : : : :
WATERSHED | g3 50 AEF. R/O 0.095 2170 0.521 0.117 REfF=23 | F 0008
NO. w00
3 PERT.R/C | 0.004 2168 0.521 0.116 sm=23 | s o0
REF (R/F/R/O)| 264 1.43 326 18.9 su -0.010
RUN D A% OF R/O +37 402 +0.2 +25 +25.0 +0.10
AW138 :
10715167 178768 /7568 B/13/68
SUB. STORMR/F | {og Toa . Yas s o/29/68 | STORMU/S
WATERSHED | 4 pgg 37 REF.R/O 0.036 1807 ° 0.921 0.086 REF - 4 F -0074
No- - W -0.004
PERT.R/O 0.037 1812 0924 0.088 SIM=5 o _0.004
REF {R/F/R/QI| 30 1.06 1.97 2548 5U -0.050
RAUN D A% OF R/O +0.1 .02 0.8 +06° +25 +0.16
RW138 :
- 70/15/67 1/6/68 2 /14768
SUB- STORMR/F | 1OL1S/6 378 ajzafes | BMEE | ejanes | sToRmMus
WATERSHED| 4 919 a0 REF.R/O 0.029 1657 0.610 0127~ | mep-a40 | F 0002
N]?' W +0.008
PERT. R/0 0.029 1.554 0613 0.128 sm= a1 | o 5o
REF (R/F/R/O) 54.5 1.77 3.14 23.2 SU -0.012
RUN ID AROFER/D | +1.7 +0.13 +10 +9.0 +11.1 +0.70
RW138 1 7 1/afe8
cromwn | O | VP | SB[ G | aroms | someus
WATERSHED| 2 551 30 REF. R/O 0.150 0.769 0.588 0.031 REF=g | [ 0%
N?. W -0.003
1 PERT. R/D 0.153 0.770 0.503 0,034 sm=10 | s _go10
REF {R/F/R/OY] 0.0 18 3.24 16,1 Su -0.000
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Figure 6-11. Vegetative Interception Study, Regional Viatershed



?5-9

27 —

DATE OF STORM 10/15/67  4/26/68  8/18/68
24 | PEAK OF STORM 320 3,508 37
TOTAL RAINFALL 216 _  3.49 2.79
TOTAL RUNOFF 0.04 0.75 0.06
21 RAINFALL/RUNOFF 54.0 4.65 465
18
15 —]
12
& _
=
o |
o 9]
|’
o
=
3 6

PEARL RIVER NEAR EDINBURG, MISS.
SUBWATERSHED AREA 2,326 SQ. KM
NOMINAL VEGETATIVE INTERCEPTION = (.15

{(VINTMR - VEGETATIVE INTERCEPTION - MAXIMUM RATE iN/HR}

STORM 8/18/68

)
3 — STORM
. .ﬂxa . STORM 4/26/63
/ .
s
5] STORM 4/26/68 TORM 10/15/g7
s
—6— —5%RUNOFF
~76%
- —
T | T T i |
-100 | 50 0 50 100
l A% OF VEGETATIVE INTERCEPTION - MAXIMUM RATE
|
0 Y 0.075 0.15 0.225 0.30
1 1 ] 1 I

VEGETATIVE INTERCEPTION IN/HR

Figure 6-12. Vegatative Interception Study, Subwatershed Ne. 1
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Figure 6-13. Vegetative Interception Study, Subwatershed No. 3
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DATE OF STORM 10/15/67 4/25/68 8/13/68
PEAK OF STORM 202 3056 392
24 ] TOTAL RAINFALL 1.08 1.82 2.22
TOTAL RUNOFF 0.04 0.92 0.09
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Figure 6-14. Vagetative Interception Study, Subwatershed No. 5
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6.3.4 BUZC, BASIC UPPER ZONE CAPACITY

BUZC is an index for estimating the storage capacity of the so0il
surface (upper zone) to store water in depression storage. In the future
BUZC can be inferred from land-use c¢lassification when a relationship
to average slope of watershed, forest cover, and permeability of soil is
established. At present, BUZC is quantified by calibration and fine
tuning. ' :

Sensitivity analysis results (Tables 6-34 through 6-44) indicates
that BUZC parameter is most influential in low flows and during the fall
season. The highest unit sensitivity of 0.162 was obtained in a significant
fall storm for a -50% perturbation. Plots appear in Figure 6-15.

6-57



TABLE 6-34

SENSITIVITY ANALYSIS OF suzc (0.20) ANNUAL R/F = 58.23 IN
SMALL WATERSHED 365 S0, KM EVAPOTRANSPIRATION NET =24.24 IN
TOTAL OBSERVED ANNUAL R/0 = 31.38 IN
« SIGNIFICANT STORMS ™ ' )
PARAM gem'un 9/27/64 .
RUN - | outeut 1/4/63 1/23/64 E/1/64 8/14/64 LOW ANNUAL
D VALUE BATION / FLOW FLOW
FALL WINTER SPRING SUMMER
A% OF R/O 0.0 00 00 -] - .-
STORM R/F 3.13 3.19 .2.87 - . 216 . STORM U/S
D0Z2 0.001 -100  |REF.R/O (N)| 0175 231 T T T
- W 00
SiM= —
PERT. R -
oun o4 231 1.94 $ 00
AEF (R/F/R/OY 179 1.28 1.47 83 s -
A% OF R/O 0.0 0.0 0.0 2z +1.27 +0.06
STORM R/F 312 3,19 287 | =21 - STORM U/S
5023 o0 | -5 |rermio um] 0475 231 194 | o258 = F 0o
REF=79 W 0.0
SIM = 8.0
PERT.R/O (M) g8 2.3% 184 0.26 s 00
REF {R/F/R/OI[ 178 1.38 1.47 8.3 SU -0.024
A% OF R/Q +0.6 0.0 0.0 -1.3 0.0 -0.08
STORM R/F 3.13 3.19 2.87 2.16 STORM /S
5024 030 | +s0 REF.R/C (IN}|  0.175 23 194 0.255 F o002
REF =79 w 00
SiM= 79
PERT. R/C (IN) 0.18 2.1 1.84 0.25 S 00
REF (R/F/R/O} 17.9 1.28 1.47 83 su 0,026
A% OF R/O 0.0 0.0 0.0 - - ~
STORM R/F 3.13 3.19 2.87 2.16 STORM U/S
D025 0.40 +100 |REF.RO (my|  0.475 23 1.04 0.256 F oo
REF=79 | w oo
SiM= — :
] PERT. R/O (1IN} — - - - S 0.0
-58 J REF (R/F/R/OY 179 219 1.47 8.3 U -




TABLE 8-36

SENSITIVITY ANALYSIS OF suze (1.0) ANNUAL R/F = 33.38 IN
SNOW WATERSHED 277 50, KM EVAPOTHANSPIRATION NET = 18.78 IN
) TOTAL OBSERVED ANNUAL R/O = 10.03 IN
SIGNIFICANT STORMS
9/7/58
A% 10/18/57 a .
PARAM PERTUR- OUTPUT /21/58 5/10/58 4/3/58 IF.(E;UW ?EJS!#AL
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
4% QF R/O +12.9 +9.3 +0.8 +0.1 +13.3 +0.40
STORM R/F 2.99 0.0 1.78 1.08 STORM U/S
118 00 -100  |REF. R/OUNI[ 0033 0.030 0.916 0.043 REF=30 | F 012
smM=34 |w -0.093
PERT.R/O(IN.]  0.037 0.043 0.922 0.043 sP  -0.008
REF (R/F/R/Q) a1 —_— 1.94 25 su  -0.001
A% OF R/ -9.0 7.2 -0.8 -0,1 -10.0 -0.39
STORM R/F 299 0.0 ©1.78 1.09 STORM /S
LAk 2.0 +100 REF. R/O [IN.} 0.033 0.039 0.916 D.043 ReF=3p | F 0090
stm=27 W -0072
[PERT. R/O (1N} 0.030 0.037 0.811 0.043 SP o -0,006
REF (R/F/R/Q) -] —_ 1.94 25 SU  -0.001
TABLE 636
ANNUAL R/F = 41.89 N
SENSITIVITY ANALYSIS OF suzc (0.60) EVAPOTRANSPIRATION NET = 32.90 IN
REGIONAL WATERSHED 22,248 SQ. KM TOTAL OBSERVED ANNUAL R/O = 1541 IN
tGNIFICANT STORMS
SIGNIFIC 4/15/68
A%
7 5/9/68 8/11/68
AUN earaM | pERTUR. 10/28/6 Vaies ! i LoW ANNUAL
ID VALUE BATION QUTPUT FALL WINTER SPRING SUMMER FLOW FLOW
A% OF R/O +3.5 +0.4 +1.1 +356 +15.37 +0.95
4% OF ocT JAN APR AUG
MONTHLY R/Q} +2.26 +0,50 +0.19 +4.26 STORMU/S
RW20 0.0 -100 REF.R/O (%) | 0.099 0.980 0.487 0.068 F -0.035
REF=644 | W -0.004
PERT. R/O 1N} 0,10 0.98 0.49 0.07 5M= 743 | ¢p 011
REF. MONTHLY su -0.035
Reo (1N 0,177 316349 2,600 0.258
! A% QF R/O +1.7 +0.2 +0.6 . +1.7 +7.14 +0.48
; 1% OF oot JAN APR AUG
MONTHLY R/OF  +1.13 +0,22 +0.12 +1.94 STORM U/S
RW22 0.30 - 50 REF.R/0 !IN}| o©.099 .980 0,487 0.064 F -0.034
— REF =644 | w -0.004
PERT. R/O 1)} 0,10 0.98 049 0.07 SIM=690 | op 5p12
e Y ] 077 3.634 2.600 0.258 SU -0.034
A% OF R/O 15 0.2 06 -1.5 -8.60 -0.44
A% DF ocT JAN APR AUG
MONTHLY R/0| -1.13 -0.25 0.12 -1,55 iTORM uis
-0.030
RW21 0.90 + 50 REF. R/O (IN) 0.089 0.980 0.487 0.064
REF= 644 | W -0.004
PERT.R/Q {IN}| 0.10 0.98 0.48 0.06 siv= 805 | sP -0.012
6-59 REEINTTS Y Dary 3.634 2.600 0,258 SU 0,020




SENSITIVITY ANALYSIS OF suze (o6

TABLE 6-37

ANNUAL R/F = 59.30 IN

EVAPOTAANSPIRATION NET = 40.29 IN
TOTAL OBSERVED ANNUAL F/0 = 15,33 IN

SUBWATERSHED NO. 1 2,326 S0. KM
ey
SIGNIFICANT STORMS ! I
A% k= - s 9/25/68 T §
RUN PARAM | PEATUR | pUT E oz | sros ] Low ANNUAL
1% VALUE aATICN ! out Po10ns/er 1/8/88 4 Y : FLow IRl
FALL | WINTER SPRING | SUMMER | : :
P i S— AR T an e AR e A 3 e L R Loix s s [
A% OF R/O +7.4 +0.3 408§ 78 | 41765 ,  0EB |
L 4
STORM R/F 2.16 1.91 3.49 ' 2.79 U STORMU,S
— ; ; .
. ] I
RYj20 : 0.0 oo Mmer no o ! 0045 1.609 0749 1 0.059 —— Foo-uored
| b - S~ oap W 0002
! IWERT. /DN 0.05 1.81 B H 0.33 | §P  -0.008
] L]
] iHEF |RIF/RIO) 4B 118 4.5 455 sU Au.u:«ig
» | A - i Ao 00 — .
i ! aworrio | *36 0.1 0.4 +3.8 +8.32 +0.42 |
. 1
l X | Dstommnrr 1 218 1.7 249 278 ereaw s |
! ‘ b e e - § P - .
{ AWz . ea ' - 30 RERR/OGNI  0.045 *.509 DIRFL 0058 | giegqy o |
' ‘ . ; - ~— IR LI T
: \ PERT. R/O (1) 005 . 181, 076 086 | # 0,068
‘ ! ; AEF (R/F/R/O)| 48 . 118, 465 FEY I SU DU
: ! i mamd e e - ; ST, + ' i
i ) @ | MLOFHO 35 [ -2 . 04 33 - a8, ad
v 4 ¢ " r T b - A 1
f [ STORMAM | 215 . 191 © 549 278 STCRMUS |
i i ! : i —— + + 1 s o
' Awz21 |  peg | +s0 REF, R/D {IN,) noas ! 1608 . 37de ¢ oOBS . 07
] i 1‘ — == e e b REF S g oppg
; i FEAT.R/OUN. 084 ¢ 181 075 . ogs M=o
‘ i ) 5P -a.c08
| | Tt e ! sU -3070
" 1 . 1 bt
| | REF (R/F/R,0)] 4 AL ags a5 {1 | SU a7,
TABLE 6-38
SENSITIWVITY ANALYS S OF BUZC 10.60) ANNGAC R/F = 63,88 11y
SUBWATERSHED ND. 4 $1230, i EVAROTRANEPIAATICN WEY ~ 37.42 [N
TOTAL OBSEAVEL ANNUAL R/O = 26.14 14
{ S.GNIF!CQNT STORMS ;
! % oy gl . sizi68 | :
| AUN D PARAM E PERTUR- | ey 10/15/67 1/9/68 E 4/25/60 E /31768 LOW 1 ANNUAL t
' LIz ; !
VAl BATICN ] i 5 FLON! I FLOW :
i ! FALL | winTER 1 SPRING @ SUMMER i P
. . S .,..!,____ e e ] L N
i ! &% OF R0 +8.1 [ +0.1 L 1.2 +i.5 +8.70 | +0.7« '
. N i Ay !
! l . sToRMmE | 2s | an 170 22 i STOAMU/S 1
. RW2D 0.3 . 100 — | 1 tEo0.081
i ' 1Y 2 . L
| . ‘ REF. RO (M!| 0085 | 2170 L os2t | o7 | agrany o oom
, - - . SLi - ” i
. : . w riJ‘U(IN}r 19 b ) bs3 n.12 sp U012
; i ‘REF(A/FRON 264 | 143 ¢ 308 18.9 | Su-0.048
S B a4 ; Can aee e —-—wa———-——-f——- 'L antn
: B ! A% OF A.G 2.8 P00 ; 0.6 toszz I a3s +0.30
i : T ¥ e T
awzz  § Ca3o , STGRMR/F | 231 Fooam bo170 o ' ' STOAM LIS
; ~ i - ; | Voo
i {REF, ROUNI] 0096 & 2170 . o0s21 1 o117 ; £ -0.058
| — 1 + - : QE‘EUF =§2 , w00
' -PERT. R/O (1) 1 010 1217 I ps2 0.12 [ * 8P —p01z
t i L0044
, : ! {REF 1HIF/A o) 264 . 143 ' 378 I 83 ! | L t
fmae =0 s b A i T2 ::?*-T‘ﬁxﬁk LISCC S W SR ETE L e n o = e = s EmETe o v ey
N [ ‘} 3L QF R iO 2 —-2.7 | .l ! —0.6 ¢ =20 t -4.35 * .44
| e
! ERS— + v
Rwz1 i 090 | +50 b svoRm RiF 251 m 170 {221 ¢ | STORM U/S
i Y - L i s -
: i jREF.A/OUNI| 005 | 2170 1 0Bzt ¢ 0u7 ‘ £ o084
; | . i SRR S - e BEF-33 4, gggz |
| ! | PERAT.R/O (NS 0.09 2,17 0.52 211 Srii - 22 5 ~0.012
660
I I REF [R/FfR/O)|  26.4 1.43 2.26 189 sy —0.040




TABLE 8-39

) ANNUAL R/F = 43.24 IN
SENSITIVITY ANALYSIS OF Buzc (0.60) EVAPOTRANSPIRATION NET = 27.87 IN
SUBWATERSHED'NQ.5 1,064 5Q. KM TOTAL OBSERVED ANNUAL R/O = 22,36 IN

SIGNIFICANT STORMS 9/29/68
A% 10/15/67 1/9/68 4/25/88 8/13/68 LOW ANNUAL
PARAM PERTUR- OUTPUT FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +4.3 +0.5 +H.8 +1.8 +25.0 +0,74
/W20 0.0 -100 STORM R/F 1.08 204 1.82 2.22 STORM U/S
F o -0.043
. . . 0.821 0.086 . REF =4
REF. R/O(IN.}| 0.038 1.907 REF=2 | w —noos
PERT. R/O(IN.)] 0.04 1.92 0.93 0.09 gp —0.008
-0.018
REF{R/F/R/O} 30 1.06 197 25.8 su
4% OF R/D +1.8 +0.2 +0.4 +0.8 +25.0 +0.34
--Awz2 0.30 —&0 STORMR/F | 1.08 2.04 1.82 2.22 STORM U/S
F  —0.036
REF. R/O (IN.}] 0.036 1.907 0.921 0.086 REF=4
| em-5 |w -—00m
PERT, A/QO IN.] 0.04 .91 0,93 0.09 gp —0.008
- -0.018
REF (R/F/R/O}| 30 1.06 197 25.8 su
A% OF R/O -1.3 -0.2 -0.a -0.8 0.0 -0.29
RW21 0.90 +50 STORM R/F 1.08 204 1.82 222 STORMU/S
F —0.026
REF. R/O (IN.)] 0.036 1.907 0.921 0.086 REF = 4
smMm=a |w -o0004
PERT. /0 (IN.)] 0,04 1,90 0.92 0.09 SP  —0.008
REF (R/F/R/0Y| 30 1.06 1.97 253 su -0.018
TABLE &40 ANNUAL R/F = 50,93 IN
SENSITIVITY ANALYSIS OF suze (0.50) EVAPOTRANSPIRATION NET = 33.02 IN
SUBWATERSHED NO.7 1,111 80. KM TOTAL DBSERVED ANNUAL R/O = 18.29 IN
]
SIGNIFICANT STORMS 9/30/68
a% 10/15/67 1/8/68 4/26/68 8/14/68 w ANNUAL
PARAM PERTUR- | OUTPUT / 4 4 ',;EDW FLOW
RUNID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +16.0 +0.3 +1,3 +7.0 +12.650 +0.85
RW20 0.0 --100 STORM R/F 158 2.76 102 295 STORM U/S
REF. RO iIN.1| o020 1557 0.610 0.127 REF=4g | F ~0.150
SIM=45 |y -0.003
FERT. R/O (IN.) 003 156 0.62 0.14 sp —0.013
REF {R/F/R/O)| 545 1.77 214 23.2 su -0.070
4% OF R/O +8.1 +0.1 +0.6 +3.4 +10.0 +0.43
Rw22 0.30 _sn STORM R/F 1.58 2.76 1.92 285 STORM U/S
REF. R/O (IN.]|  0.029 1.557 0.610 0.127 Rep=4p | F 0782
Sim=44 |w -0002
PERT. R/OQ (IN)] €03 156 0.61 0.13 P —0.012
REF (R/F/R/OI| 545 177 314 232 su -0.068
A% OF R/O -54 -0.2 0.7 -32 5.0 —0.45
STORM R/F 158 2.76 1.92 2.95 STORM U/S
1 ! -0.1
Rw2 0.90 +50 REF.R/O(NJ] 0020 1.557 0.610 0.127 REF=4g | 0108
SM=3 | W —0008
PERT. R/Q {IN.)}  0.03 1.56 0.81 0.12 sp —0.014
6-61 REF (R/F/R/O} 545 1.77 3,14 23.2 su -0.064

G-G1



’ : TABLE 8-41
/F = 3581
SENSITIVITY ANALYSIS OF Buzc {60l é&:yéqTLni:spmAmlnh:u NET = 26.35 IN

SUBWATERSHED NO. 11 2,651 5Q. KM TOTAL OBSERVED ANNUAL R/O = 12.82 IN
SIGNIFICANT STORMS
) 9/14/68
A% Low ANNUAL
arAM | PERTUR. OUTPUT 10/28/67 1/8/68 5/8/68 8/20/68 Sy F oW
RUNID VALUE BATION FALL WINTER SPRING SUMMER

4% OF R/Q +2.4 +0.6 +2.0 +2.8 +20.2 +0.92
RW20 0.0 —100 STORM R/F 1.35 1.37 191 050 STORM W/S
REF.R/O{(IN.)| 0.150 0.769 0.588 0.031 ReF-g | F 002
gim=11 {w —CDOB
PERT. R/O IN) 15 0.77 0.60 0.03 sp —0.020
REF (R/F/R/O} 8.0 1.8 324 16.1 sy -0.028

A% OF R/O +1.1 +0.3 +1,0 +1.2 +H11.11 +0.46

TORM R/F 135 1.37 191 050

RW22 0.30 _50 S STDF"‘; g; 2

REF. R/O N[  0.150 0.769 0588 0.031 aer<g 1 F ;
sM=10 | w —0008
PERT. RO N D.15 0.77 0.59 0.03 o -0.020
REF (R/FROY 9.0 18 324 6.1 sy 0023

ALOFR/IO | —10 —03 -1.0 -1 BETRY ~D.46

. . 1,91 |

RW21 .90 +50 STORMR/F | 139 1.37 0.50 STORM U/S
REF.R/O(IN}| 0.150 0.769 0.588 0.031 REf=9 | F 0020
sim=8 | w ~—0.008
PERT. R/O (IN.Il 0,15 0.77 0.58 0.03 s —0.020
6-62 REF (R/F/R/OI| 9.0 1.8 324 16.1 su —0022

L-b2



TABLE 842

SENSITIVITY ANALYSIS OF  Buzc -100% PERTURBATION (0.20-1.0)

SMALL, SNOW & REGIONAL WATERSHEDS

SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED| g0y ka) e QuTPUT FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% QF R/O 0.0 0.0 00 - - -
poz2 stoamR/r | JU4/63 15_2134'54 Sse gndea a/27/64 | sTORMU/S
- F 0.0
SMALL 365 45 REF. R/O 0.175 2.3 1.94 0.255 REF = 7.9 o g ;
PEAT. R/O 0.18 2.3 194 - SiM = SP 0.0
REF (R/F//0)| 179 1.38 147 8.3 -
RUN ID A% QF R/O +12.9 +9.3 +0.6 +0.1 +13.3 +0.40
18
T0/18/57 4721758 5/10/58 B/13/58
STORM R/F 299 00 A i 9/7/58 STORM U/S
F 0129
SNOW 277 32 0.033 0.039 0916 0.043 REF = 3.0
REF.R/O W 0093
PERT. R/O 0.037 0.043 0.922 0.043 SIM=34 | sp -0.006
sU -0.00%
REF (R/F/R/O)] T — 1.94 25
RUN ID A% OF R/O +35 +0.4 1.1 38 +15.37 +0.95
RwW20 A% OF ocT TAN APR AUG !
MONTHLY R/O|  +2.26 +0.50 +0.19 +4.26 9/15/68 STORM U/s
REGIONAL | 22,248 4 REF. R/O 0.099 0.980 0.487 0.064 REF =644 | © 'g'gzz
w -0
PERT.R/C 0,10 0.98 0.49 0.07 SIM=734 | sp 0,011
REF. MONTH ~ suU -0.035
AL 0177 3.634 2,600 0.258
RUN ID A% OF R/O 714 +0.3 +0.8 +7.9 +17.65 +0.88
RW20
sToRmA/F | 1005/67 \/aies 4126/68 & ares a/25/68 | STORMU/S
SUB- - : - ’ F -0.074
WATERSHED 2,326 50 REF. R/O 0.045 1.609 0.749 0.059 REF =34 i
NO. W -D.003
1 PERT. R/O 0.05 1.61 0.76 0.06 5iM = 40 sP -0.008
REF (R/F/R/Q)| 48 1.18 4.65 46.5 sy -0.079
RUN ID A% OF R/O +6.1 +0.1 +1.2 +46 +8.70 +0.70
RWz0 .
STORM R/F | 10/15/67 1/9/68 4/25/68 7/31/68 9/2/68 STORM U/S
su- 251 3.11 1.70 2.0
WATERSHED 813 50 REF. R/O 0.095 2.170 0.521 ©.117 REF=23 | F -0-001
NO. W -0.001
3 PERT. R/ 0,10 217 0.53 0.12 Sim = 25 SP.0.012
REF [R/F/R/Q)| 264 1.43 3.26 18.9 5U -0.046
RUN 1D 4% OF R/D +43 +0.5 +0.8 +1.8 +25.0 +0.74
RW20
10/16/67 1/9768 4/25/68 B/13/68
SuB. STORM R/F N 08 204 Va2 593 9/29/68 STORM U/S
'WATERSHED| 4 g 37 REF.R/O 0.036 1.907 0.921 0.086 REF = 4 F-0.043
NO. W -0.005
5 PERT. R/O 0.04 1.92 0.93 0.09 SiM= 5§ 5P _0.008
REF (R/F/R/O)| 30 1.06 197 25.8 SU -0.018
RUN ID 4% OF R/O +15.0 +0.3 +1.2 +7.0 +12.50 +0.86
RW20
o | S | VS| WS | G o | stomweus
WATERSHED{ 4 414 a0 REF.R/D 0.029 1.557 0.610 6.127 REF=ap | & 0150
NO. W -0.003
? PERT. R/O 0.03 1.56 0.52 0.14 sim=45 | oo go1a
REF [R/F/R/O) 545 1.77 318 23.2 sU -0.070
RUN ID A% OF R/O +2.4 +0.6 +2.0 +2.6 +22.2 +0.92
RW20
10/28/67 1/8/68 5/8/68 8/20/68
SUB STORM R/F 135 137 191 050 9/14/68 STORM U/S
WATERSHED| 5859 30 REF. R/O 0.150 0.769 0588 0.031 Rep=g | F 0024
l\ﬁ- W -0.006
PERT. R/Q 0,15 Q.77 0.60 0.03 SIv = 11 P -0.020
REF (R/E/R/0)| 90 1.8 3.24 16.1 su -0.026




SENSITIVITY ANALYSIS OF
SMALL, SNOW & REGIONAL WATERSHEDS

BUZC -50%PERTURBATION {0.20 - 1.0)

TABLE 6-43

SIGNIEICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED | (s0r ewts 1) OUTPUT Foow oW
FALL WINTER SPRING SUMMER
RUN ID 4% OF R/O 0.0 0.0 0.0 +1.2 .27 +0.06
s023
STORMR/F | L1363 | 12564 5 a6t | omuea | sToRmuss
F 00
SMALL 365 45 REF. R/O 0.176 231 1.98 0.256 Re-79 [0
PERT. R/O 0.18 2.3 122 0.26 siM=80 | g qg
REF (R/F/R/Q)} 179 138 1.47 8.3 5u-0.024
RUN ID A% OF R/O
sToRMR/F | 10187 | 4/21/58 s00/s 1 81358 | g/7/ee STORM U/S
F
SNOW 277 32 REF.R/D 0.033 0.039 0.918 0.083 REF=30 |
PERT. R/O SIM = P
su
REF {R/F/R/O})| O — 1.94 25
RUN 1D A%OFRIO | +17 +0.2 +0.6 +17 +7.14 +0.48
Rwaz A% OF ocT JAN APR AUG
MONTHLY R/0|  +113 +0.22 +0.12 +1.94 89/15/68 | STORMU/S
REGIONAL | 22,248 4 REF. R/O 0.099 0.980 0.487 0.064 REF=ga4 | F 0034
W -0.004
PERT. R/Q 0.10 0.98 0.49 0.07 8iM= 690 | oo g1z
REF. MONTH - U -0.034
R 0.177 3.634 2,600 0.258
AUN ID A%O0FRO | +38 +01 +0.4 +38 +8.82 +0.42
Rw22 10/15/67 1/8/68 4/26/68 B/ 18/68 .
suB. stormAfF | Ve b 379 9/25/68 STORM U/S
WATERSHED| 2326 50 REF. R/Q 0.045 1.609 0.749 0.059 REF=3a4 | F 0072
NG W -0.002
1 PERT. R/O 0.05 1.61 0.75 0.08 SimM= 37 1 sp _go08
REF (R/F/R/0)| 48 1.18 4.65 46.5 Su -0.076
RUN 1D a%ofFRQ | +28 0.0 +0.6 +22 +4.35 +0.30
RW2?
STORM R/F | 10/15/67 1io/es 4/25/68 1/a1es 9/2/68 STORM U/S
suB- - - y . F -0.056
WATERSHED | g15 50 REF.R/O 0.095 2470 0.521 6.117 REF = 23 o
NO. w 0D
3 PERT. R/OQ 0.10 217 0.52 0.12 Sim = 24 SP -0.012
REF {R/F/r/0)| 25.4 143 3.26 18.9 8U -0.044
RUNID A% OF R/O +1.8 +0,2 +0.4 +0.8 +25.0 +0,34
RW22
10/15/67 T7area 4/25/68 B/13/68
SUB. STORMR/F | o Toa v San 9/29/68 STORM U/S
WATEOSHEDL 1,064 37 REF. R/O 0.036 1.907 0.921 0.086 Rep=4 | 00
N5 : W -0.004
PERT. R/O 0.04 1.91 0.93 0.09 SIM=5 SP -0.008
REF (R/F/R/O}| 3D 1.06 147 25.8 sy -D.HE
RUN ID 2% OF RIO | +8.1 +0.1 +06 +34 +10.0 +0.43
RW22
10/15/67 1/8/68 4126168 B/14/68
i sus STORMR/F | 158 276 142 295 9/30/68 | STORMU/S
(WATERSHED | 4 144 40 REF. R/Q 0.028 1557 0.610 0.127 REF=4p | ¢ 0162
NT?' W -0.002
PERT. R/O 0.03 1.56 0.61 013 SiM= 44 P -0.012
REF (R/F/R/O) 54.5 1.77 214 23.2 SU -0.068
AUN 1D AHOFRO | 411 +0.3 +1.0 +1.2 117 +0.46
RW22
10728767 1/3/68 5/8/68 8/20/68
us. STORM R/F HEL hisd 3 e 8/14/68 STORM U/3
WATERSHED| 2551 30 REF. R/O 0.150 0.769 0.588 0.021 Rer=g | [ 0022
ni 0. W -0.006
PERT. R/O 0.15 0.77 0.59 0,03 siM=10 | sp -0.020
REF (R/F/R/ON 20 18 3.24 16.1 8U -0.024




SENSITIVITY ANALYSIS OF
SMALL, SNOW & REGIONAL WATERSHEDS

BUZC +50% PERTURBATION {0.20 - 1.0)

TABLE 6-44

* SIGNIFICANT STORMS
AREA EPAET Low ANNUAL
WATERSHED| (50 kM) N} OUTPUT oW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O +0.8 0.0 0.0 13 0.0 -0.08
5024
11/a/63 1173764 571768 B/14/64
stormRr/F | FHEES A 287 16 a/27/64 STOHON:] :J;'S
F -0
SMALL 365 45 REF. R/O 0.175 2.3 194 0.256 ReF=79 | "0
PERT. R/O 0.18 2.31 104 .25 $M=79 e og
REF (R/F/RION| 179 138 1147 8.3 U 0.028
RUN ID A% OF RO ) :
10/18/57 | 4/21/58 5/10/58 8/13/58
STORMR/F | oo e s19 AR 9/7/58 STORM L/S
SNOW 777 32 REF. R/D 0.033 0.039 '0.916 0.043 REF = 3.0 '.';
PERT. R/O ' s = -
sU
REF (R/F/R/O)] 91 — 1.94 75
RUN 1D A% OF R/O 15, 0.2 05 15 -6.06 044
RW21 - T
5% OF OCT, JAN PR AUG
MONTHLY R/o} =118 Jozs | -8Bz -1.5§ 9/15/68 STOFLMQ;:S
REGIONAL 22,248 41 REF. R/O 0.099 0.980 0.487 0.064 REF = 644 F -u.m4
= w -
PERT. R/O 0.10 0.98 0.48 0.08 SIM= 805 [ gsp 0.012
REF. MONTH - gy SU -0.030
LY R/Q 0,177 3.634 2.600 0.268
RUN ID A% OF R/O 35 0.2 0.4 -385 -8.82 -0.46
AW21 10716767 1/8/68 4/26/68 8/18/68
suB- , STORM R/F 2.16 191 340 279 9/25/68 STQRMU/S
WATERSHED| 2,326 B0 REF. R/C 0.045 1.608 0.748 0.059 Rer=34 | F 0070
NO. W -0.004
1 =
PERT. R/O 0.04 1.61 0.75 0.06 SIM = 31 SP _0.008
REF (R/F/R/O}| 48 118 4.65 46.5 su -0.070
RUN ID A%OFRO | 27 o | 01 06 20 435 -0.40
RW21
STORM R/F | 10715767 | 1/9/68 4/26/68 7/31/68 o/2/88 STORMU/S
SUB- 2581 in 1.70 2.21
WATERSHED |  g43 50 REF, R/O 0.095 - 2,170 0.521 0.117 REF=23 | F -D.0%
NO. - W -0.002
3 FERT. R/O 0.09 217 0.52 a1 sim=22 | oo _gor2
REF (R/F/R/D)| 284 1.43 326 18.9 SU -0.040
HUN 1D A% OF R/O 13 02 -0.4 . 0.8 0.0 - -0.29
RW21
10/15/67 - 1/9/68 4/265/68 - 8/13/68
SUB- STORMR/F | 108 204 Yes | 222 9/20/68 STORMU/S
WATERSHED| 4054 37 REF. R/O 0.036 1.07 0921 0.086 rReF=4 | 7 0026
NO. . - W -D.004
5 PERT. R/O 0.0 1,90 0.92 0.90 sim=4 SP -0.008
REF {R/E/R/OH 30 1.0 197 258 SU -0.016
RUN 1D A% OF R/D -5.4 . —0.2_ -0.7 -3.2 -5.0 -0.45
RW21 g
10/15/67 -1/8/68
s stormR/F | 1005/ v dizoice | BAYEE | gaues | sToRmu/s
WATERSHED [ 4 919 20 REF. R/O 0.029 1557 0.610 0127 - REp-4g | F -0-08
N:?. W -0.004
FERT. R/0 0.03 1.5% 0.61 0.2 sim=38 | g .opia
REF {R/F/R/O) 545 1.77 AL 23.2 SU -0.084
RUN ID A% OF R/O -1.0 -0.3 -1.0 -1.1 111 +0.46
RW21 178/68
s, sToRmA/F | 1028067 | 178 5/8/68 912088 | onaes | STORMU/S
WATERSHED|  a661 30 REF. R/D 0.150 0.769 0.588 0.031 Rep=o | £ 0020
NO. W -0.006
" FERT. R/O 0.15 0.77 0.58 0.03 SiM=8 & -0.020
REF (R/F/R/OY] 9.0 1.8 3.24 16.1 su -b.022




99-9

{BUZC—BASIC UPPER ZONE STORAGE CAPACITY
FACTORY/INFERABLE FROM LAND-USE CLASSIFICATION

SENSITIVITY ANALYSIS RESULTS
257 SMALL W/S AREA 365 SO. KM +2.5% VARIATION IN RUNQFF
. SNOW W/S AREA 277 50. KM
20 REGIONAL W/S AREA ~22,248 SQ. KM INPUT
SWS 1 AREA 2,3 KM
SWS 2 AREA 81236‘533 KM » VARIABLE - - BASIC UPPER ZONE STORAGE
154 ' CAPACITY FACTOR
{A FUNCTION OF SLOPE, FOREST COVER, &
104 PERMEABILITY OF SOIL)
5] e VARIATION-—  + 50%
uw ;
S
+2.5% RUNOFF
s 0 v SMALL
T -2.5% TUNOQFF REGIONAL g
*® B 8§
-] “‘5 — SWS 1 WS 3
SN
OW (Fay
—104
—154
—20 -50% +50%
_25_
4 L
-3+ T T T T T T T T —
—100 —80 —60 —40 -20 0 20 40 60 80 100

A% OF BASIC UPPER ZONE STORAGE

Figure 6-15. Basic Upper Zone Storage Study, Summer Starms



6.3.5 SUZC, SEASONAL UPPER ZONE CAPACITY FACTOR

SUZC is an index for estimating soil surface moisture storage capacity.
Its primary purpose is to adjust the BUZC index for spasonal variation to
account for increases caused by summer vegetation and cultivation. BUZC
%nd ?UZC are used to compute the upper soil zone nominal storage capacity
UZC).

UZ = SUZC (AEX90) + BUZC (e-2-7 EB)

where AEX90 is an antecedent evaporation index, LZS/LZC is an index of the
moisture content of theunderlying soil. '

The parameter LUZC can be inferred from land-use classification once
a relationship similar to that maintained for BUZC is established. At
present, it is quantified by calibration and fine tuning.

SUZC is a very influential parameter in low flows and during the summer
season. An an example in subwatershed 1 the unit sensitivity in Tow flows
is 4.52 and in a significant summer storm it is 1.8 for a -50% perturbation
of the parameter. Results are shown in Tables 6-45 through 6-55 and
Figure 6-16. .

6-67



SENSITIVITY ANALYSIS OF suzc t0.20)

TABLE 846

ANNUAL R/F = 58.23 IN
EVAPOTRANSPIRATION NET = 24.24 IN

SMALL WATERSHED 365 5. kM TOTAL OBSERVED ANNUAL R/O = 31,38 IN
SIGNIFICANT STORMS
A% 8/27/64
RUN PARAM PERTUR- 5/1/64 8/14/64 Law ANNUAL
Ry VALUE BATION OUTPUT 11/4/63 1/23/64 Low ANNU
FALL WINTER SPRING -SUMMER -
A% OF R/O 0.0 0.0 00 :
STORMR/F | 313 3.19 287 2.16 STORM /S
F 00
D027 0.000 _100 REF. R0 (N)| 0175 231 194 0.255 REF=79 |, oo
PERT.R/0 )] 0.8 231 1.84 | SIM= P 0.0
REF (R/F/R/Q) 17.9 1.38 1.47 8.3 Sy ——
A% OF R/O 0.0 0.0 0.0 +3.7 +2.53 +0.37
STORM R/F 313 319 2.87 216 STORM U/S
F &0
S028 010 _sd REF.A/0 ()| 0178 231 1.94 0.255 REF=79 |\ 00
PERT.R/0 (M| o1 2,31 1.94 0.26 SiM= a1 | o0
REF (R/F/R/DI| 179 1.38 147 83 U —0.074
A% OF R/0 0.0 0.0 17 123 -5.06 —1.88
STORMR/F | 313 319 2.87 2.18 STORM U/S
. F 0.0
. . -2, 1.94 0.256 .
5039 0.30 +50 REF.R/O M| 0.7 2.3 25 REF=79" fw o0
PERT. R/O (IN} D18 231 1.90 .0.22 . SIM= 75 SP —g.034
REF IR/FfR/)|  17.9 1.38 1.47 83 - SU-0.246
A% OF R/O _8.57 0.0 -3.61
STORM R/F 313 3219 2.57 216 STORM U/S
REF.R/O {IN})] 0.7 1.94 0.255 F = 0.085
D030 0.40 +100 EF. { - 231 - : REF=79 |, 0.0
PERT.R/0 ()| 016 231 1.87 oo | M $P— 0.036
REF (R/FIR/QI| 179 3.19 1.47 8.3 su
TABLE 6.46 .
SENSITIVITY ANALYSIS OF suzc 15 Q\TE;J;#RRA!;S;’?::%&{J NET = 18.79 IN
SNOW WATERSHED 277 500 KM /0 -
TOTAL OBSERVED ANNUAL R/O = 10.03 IN
SIGNIFICANT STORMS
9/7/58
A% 10/18/57 4/21/58 5/10/58
PARAM PERTUR- §| OUTPUT 4 / B/3/58 é?gw ?ES#AL
RUN 10 VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +34.3 +10.9 17 +42.7 400.0 +15.41
STORM R/F 2.99 0.0 178 1.09 STORM U/S
120 0.0 —100 |rREF.RouNy|  oao33 1.039 0.016 0.043 REF=3p0 | F —0343
L $IM=150 | W —0.709
i , PERT. R/O (INJ|  0.044 0.044 0.987 0.062 s — 0.077
REF {R/F/R/O) a1 — 1.84 265 SU — 0.427
A% OF R/O ~15.8 -150 -12.8 -72 -33.33 - 998
STORM R/F 2.99 0.0 178 1.09 STORM U/S
121 3.0 +100 REF. R/O(IN)| 0.033 0.039 0.916 0.043 REF=2p | F —0.188
Sim=20 | w —0.150
reaT. RO N[ 0028 0.033 0.798 0,040 P — 0129
E-68 AEF (R/FR/ON @ — 1.84 2 su —0.072

b7



TABLEG47 ANNUAL R/F = 41.89 IN

SENSITIVITY ANALYSIS OF suzc (0.40) EVAPOTRANSPIRATION NET = 32.90 IN
REGIONAL WATERSHED 22,248 5Q. KM TOTAL OBSERVED ANNUAL R/O = 1541 4N
IGNIFICANT STORMS
SIGNIFIC 9/15/68
A%
RUN pakam | pERTUR 10/28/67 1/21/68 5/9/68 8/11/68 Low ANNUAL
[ VALUE | BATION QUTPUT FALL WINTER SPRING SUMMER FLOW FLOW
A% OF R/O +3.1 +0.8 +14.9 +79.6 +301.6 +9.01
A% OF oCT JAN APR ALG
MONTHLY R/O]  +4.52 +1.18 +0.54 +98.45 STORM U/S
F 0097
a 0.0 -100 REF.R/0 {IN)] onog 0.980 0.487 0.064
Riv2 REF =644 | W -0.008
PERT.RA (N)] o 0.9 D56 0.12 M= 2586 | gp _g.140
e Y 077 3632 2,600 0.258 U -0.798
A% OF R/O +5.9 +0.5 +14.7 #31.1 +100.9 +5.67
A% OF OCcT JAN APR ALG
. MONTHLY R/O +2 B2 +0.74 .46 . +36.82 STORMUW/S
RW26 0.20 - 80 REF.R/O (IN) | D.099 0.980 0.487 0.064 F owus
REF = 644 W -0.010
PERT.R/O (IN){ 0,10 0.99 0.56 0.08 Sim= 1204 | o 0,294
na T ean 3634 2,600 0.258 SU -0.522
A% OF R/O -38 -3 -138 -122 -35.87 -4n
A% OF ocT JAN APH AUG
MONTHLY R/0] -1,69 -0.44 -2.96 -14.34 im‘:)“’:;; s
RW25 0.60 + 50 REF.R/O (IN) | 0.099 0.980 0.487 0.084 e
. REF = 644 w  -0.006
PERT. R/O IN)| .10 .98 0.42 0.06 siv= 413 | sp -0.276
o LT 0,177 3.634 2.600 0.258 Su -0.244
A% OF R/O 81 04 321 -215 -64.60 -10.40
A% OF ocT IAN APR AUG
MONTHLY R/0] -3.95 _1.79 _9.65 2519 STORM /S
RW27 0.95 +138 REF.R/O (N} | o.003 0.980 0.487 0.064 F -0.059
REF=g4a | W -0.003
PERT. R/O ()| .00 0.98 0.33 0.05 siM= 228 | sp 0233
6-69
eSO T 0y 3634 2,600 0.258 SU -0.156




TABLE 648
ANNUAL R/F = 59.30 IN

SENSITIVITY ANALYSIS OF suzc (040 EVAPOTRANSPIRATION NET = 30.29 iN
SUBWATERSHED NO. 1 2,326 SO, KM TOTAL OBSERVED ANNUAL R/O = 19.63 IN
SIGNIFICANT STORMS
' A% 9/25/68
RUN PARAM PERTUR Low ANNUAL
PUT 4/26/68 £/18/68
ID VALUE BATION out 10/16/67 1/8/68 ! FLOW FLOW
FalLL WINTER - SPRING SUMMER
A%OFR/O | +323 +1.0 +15.4 +319.0 +891.18 +14.85
STORM R/F 2.16 1.91 2.49 2.79 STORM U/S
RW24 0.0 ~100 REF. R/O (1N,) 0.045 1.602 0.749 0.059 epoza | F 03B
w Do1e
SIM = 337
PERT. R/O I 008 1.63 0.86 0.25 P -0.154
REF (R/F/R/C) a3 118 4,65 465 sy -0.319
A% OF R/O +18.9 +0.6 +14.3 +90.2 +226.47 +6.89
STORM R/F 2.16 1.1 349 279 STORM W/S
RW26 0.20 - 50 REF. R/O (IN.} 0.045 1.609 0.749 '0.059 _ F -0308
REF=34 (. 0012
; S = 111 !
FERT.R/O (Wu)]  0.05 1.62 0.86 on P 0286
REF {R/F/R/O}] 48 1.18 465 465 su -1.804
A% OF R/O 1. 0.2 114 -349 -50.0 -5.33
STGRM R/F 2.16 1.91 3.49 279 STORM U/S
RW25 0.60 + 50 REF. R/Q {IN.) 0.045 1.600 0.749 0.059 Foo-0222
REF=34 | w 0004
SIM =17 !
PERT. R/Q {IN.}| .04 1.61 .66 004 P -0.228
REF (R/F/R/Q) 48 118 4.65 46.5 SuU -0.698
A% OF R/O -2356 -0.9 -26.5 -55.2 -67.65 -12.80
STORM R/F 216 1.91 3.49 2.79 STORM /S
RW27 0.95 +136 | REF. RO (IN.] 0.045 1,609 0.749 0.058 ] F o -0470
REF=34 |y _pp1s
SIM = §1
PERT. R/O (i 0.03 159 0.85 0.03 P 0530
6-70 HEF (RIF/R/O)| 48 1.18 465 46.5 SU -i.104

(-¢



TABLE 849

SENSITIVITY ANALYSIS OF suzc (0.40) ANNUAL R/F = 63.88 IN
SUBWATERSHED NO.3  B135Q. KM EVAPOTRANSPIRATION NET = 37.42 IN
) TOTAL OBSERVED ANNUAL R/Q = 26.14 IN
SIGNIFICANT STORM
A% S 9/2/68
RUN 1D PARAM PERTUR- | Sureut 10/15/67 1/9/68 4/25/68 7/31/68 LOW ANNUAL
VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER
A% OF R/O +247 +0.4 +278 +153.6 +1456.52 +12.87
STORM R/F 251 311 1.70 2.21 STORM /S
RW24 0.0 o |Rer. moON)|  oo9s 2170 0521 0.117 . Fo-0247
REF=23 |w _oo04
PERT. R/O (IN]] D12 2.18 0.67 0.30 SIM=358 | o0 pa7s
REF (R/F/R/O)| 264 1.43 3.26 18.9 S -1.636
A% OF R/O +14.4 +0.3 +27.7 +49.7 +B5.96 +7.06
STORM R/F 251 31 1.70 2.21 STORM U/S
RW2B 0.20 -0 IRer.mrouNy| o095 2170 0.521 0.117 B F -0.288
REF =23 W 0.006
perT. RO NG| 011 2,18 0,67 0.18 §IM=43 | o rsa
REF RIF/R/O)]  26.4 1.43 3.26 189 wu -0.994
A% OF R/O a4 0.0 175 -18.0 -34.78 497
i STORM R/F 2.51 21t 1.70 221 .| sTormuss
RW25 0.60 + 5O REF.R/O (IN.J| o0.085 2.170 0.521 0.117 F-0.188
REF =23 w o0
PERT. R/O N[ 0.09 217 0.43 0.10 SIM=15 | 0 oaso
REF [R/F/R/Q)] 264 1.43 3.26 189 SU  -0.360
A% OF R/O -198 +0.3 357 -28.4 5217 -11.06
STORM R/F 2,51 3.1 1.70 2.21 STORMU/S
RW27 0.95 +138  |REF.RfO (M)]  0.095 2170 0.521 0.117 I
HEFZZ3 1w +0002
PERT. R/Q (1N} 0.08 218 0.34 0.08 SP .0.250
6-71 REF (R/F/R/O) 26.4 1.43 3.26 18.9 5U  -0.206




. TABLE 650 ANNUAL R/F = 48.24 IN
SENSITIVITY ANALYSIS OF  suzc .40 EVAPOTRANSPIRATION NET = 27.87 IN

SUBWATERSHED NO.E 1,064 50. KM TOTAL OBSERVED ANNUAL R/Q = 22.36 IN
SIGNIFICANT STORMS o/29/68
A% TPUT 10/15/67 1/9/68 4/25/68 8/13/68 LOW ANNUAL
PARAM PERTUR- | OU FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A%OF R/O | +B7 +0.8 121 +21.8 250.0 +5.19
STORM R/F 1.08 2.04 1.82 2.22 STORM U/S
F o
RW24 0.0 -100 REF. R/O (IN.}{ 0.036 1.807 0.921 0.086 REF=4 0.087
Sivi= 14 | w -0.008
PERT. R/O (IN]  0.04 192 1.03 0.10 s 0121
REF (R/F/R/OY} 30 1.06 197 25.8 SU -0.218
A% OF R/Q +3.9 +0.5 +12.0 +9.4 +100.0 +3.66
STORM R/F 1.08 2.04 1.82 2.22 STORM U/
F -0.078
AW26 0.20 - 50 REF. R/O (i} D.036 1.907 0.921 0.086 REF=4
sM=g | W -0.010
PERT. R/O IN.Y  0.04 192 1.03 0.08; SP 0240
REF (R/F/R/Q)| 30 1.08 197 25.8 SU D188
A%OF RO | -2 -0.4 -133 55 -250 -3332
STORM R/F 1.08 2.04 1.82 2.22 STORM W/S
RWZE 0.50 + 5D REF. R/ LIN | 0,038 1.807 0.921 0.086 rRer=4 | F 0042
SIM= 2 | W -0.008
PEAT. R/O 1IN 0.04 1.90 0.80 ¢.08 P -0.266
REF (R/F/R/0)| 30 1.06 1.97 25.8 sy -6.110
A% OF R/G | -39 -0.1 -287 -10.1 -50.0 -7.85
STORMR/F | 1.08 2.04 182 2.22 STORM U/S
F -0
Rw27 0.95 +138 REF. R/0 ()|  0.036 1907 0.921 0.0RG REF=4 0.028
siM=2 |w 00
PERT. R/O {IN.)|  0.03 1.90 0.65 .08 P -0.215
6-72 REF (R/F/R/Q)| 30 1.06 197 25.8 SU -0.073

L-12



TABLE 651 ANNUAL R/F = 50.93 IN

SENSITIVITY ANALYSIS OF suzc {0.40) EVAPOTRANSPIRATION NET = 33.02 IN
SUBWATERSHED NO.7 1,111 50.KM TOTAL OBSERVED ANNUAL R/O = 18.29 IN
SIGNIFICANT STORMS 9/30/68
A% 10/15/67 1/8/68 4/26/68 8/14/68 Low ANNUAL
PARAM PERTUR- | OUTPUT 18/ FLOw FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +35,7 +0.7 +133 +110.3 +167.5 +0.48
STORM R/F 1.58 276 1.92 295 STORM U/S
REF = 40 F  -0.357
RW24 0.0 -100 REF.R/O iN.}| 0.029 1557 0.610 0.127
SIM= 107 | W -0.007
PERT. R/O (IN.)] 004 1.57 0.69 0.27 Sp -0.133
REF (R/F/R/QI| 545 1.77 214 232 su -1.103
A% OF R/O +24.4 +05 +13.2 +54.1 +77.5 +5.99.
STORM R/F 1.58 2.76 1.92 2.95 STORMU/S
RW26 0.20 - 5D REF. R/O (IN.)| 0,020 1.557 0,610 0.127 rREF=40 |F 0488
SIM= 71 w -0.010
PERT. R/C {IN.) 0.04 1.56 0.69 0.20 SP -0.264
REF {R/F/R/O1] 545 177 314 232 U -1.082
A% OF RIO -15.0 0.3 -15.0 -28.2 -325 -4.68
STORM R/F 1.58 276 1.2 2.95 STORM U/8
F oo
RW25 0.60 + 50 REF. R/O (R} 0.029 1.557 0.610 0.127 REF =40 0.300
SIM= 27 w -0.006
PERT. R/O (N Doz 1.55 0.52 0.09 5P -0.300
REF [R/F/R/O}] 545 177 214 23.2 sU 0564
A% OF R/Q 329 0.4 -34.4 -56.9 -62.5 -11.56
STORM R/F 158 276 1.92 2.95 STORM U/S
F -0.238
AW27 0.95 +138 REF. R/O (IN.J| 0.029 1.557 0.610 0.127 REF = 40
sm- 15 | W -D0G3
PERT. R/O (IN.)| 0.2 155 0.40 0.05 SP 0249
673 REF (R/F/R/GY 545 1.77 314 232 SU -0.412

(-3



TABLE 8-52 ANNUAL R/F = 3581 IN

SENSITIVITY ANALYSIS OF suzc (0.4 EVAPOTRANSPIRATION NET = 26.35 IN
SUBWATERSHED NO. 11 2,661 5Q. KM TOTAL OBSERVED ANNUAL R/O = 12.82 IN
SIGNIFICANT STORMS
. 9/14/68
A%
PARAM ‘ PERTUR- QUTPUT 10/28/67 1/8/68 5/8/68 B/20/68 IF_E(l‘]vw ?E‘g#AL
RUN ID VALUE BATION FALL WINTER SPRING SUMMER

A% OF R/O +3.1 +0.7 +20.5 +53.5 +400.0 +5.79
STORM R/F 1.36 1.37 1.91 0.50 STORMU/S

RW24 0.0 -100 REF. R/O {IN)|  ©0.150 0.768 0.588 0.031 REF=g | [ 9o

: SiM= 25 | W -0.007

PERT. R/O{INY 015 0.7 0.71 0.05 & -0.205

REF (R/F/R/Q) 2.0 18 .24 16.1 SU -0.535

A% OF R/O +1.9 +0.5 +20.4 +23.6 +144.4 +4.03
STORM R/F 1.35 1.37 1.0 D.60 STORM U/S

RW26 0.20 - 50 REF. R/O(IN)]| 0.150 0.769 0.588 0.031 pEg-g | B -0038
N SmMm=23z2 [ W -0.010

PERT. R/O N .15 0.77 0.71 0.04 SP -0.408

REF (R/FR/O)] 9.0 1.8 324 161 SU -p472

A% OF R/O -13 -0.4 -17.7 7.2 -222 314
STORM R/F 1.35 1.37 1.91 0.50 STORM U/S

RW25 0.60 + 50 REF. R/O (IN.)] 0.150 0.769 0.588 0.031 REF=a f F -0.026
SM=7 [ W -0.008

PERT. R/O(INY 0.5 077 0.8 0.03 SP -0.354

REF {R/F/R/O} 90 1.8 3.2 16.1 SU -0.144

A% OF R/O -2.7 0.3 -37.7 -12.5 -33.33 -7.88
STORM R/F 1.35 1.37 191 0.50 STORM U/S

RW27 0.95 +138 REF.R/OlIN.) | 0.150 0.769 0.588 0.031 REF=g | F 0020
SIM=6& w -D.002

IPERT. R/O{IN.)| .15 0.77 0.37 0.03 sP  -D.273

5-74 REF (R/F/R/0y| 8.0 18 2.24 16.1 SU  -0.091

-1



SENSITIVITY ANALYSIS OF

"SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 653
SuzZc -100% PERTURBATION (0.20 - 15)

SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED| (501 k) (N} OUTPUT FLOw FLOW
FALL WINTER SPRING SUMMER
RUN ID 4% OF R/O 0.0 0.0 0.0 - - -
D027
sTORMR/F | 14163 12364 S 81464 a/27/64 | STORM U/S
F 00
SMALL 365 45 REF, R/O 0175 2.31 1.94 0.255 REF=7.9 " oo
PERT. R/Q 0.18 2.3 1.94 - SiMm= - lgr o0
REF (R/F/R/0)| 178 1,38 1.47 83 U -
RUN ID A% OF RO +34.3 +10.9 +7.7 +427 +400.0 +15.41
120
10/18/57 | 4/21/58 5/10/58 B/13/58
STORMR/FF | g b 4l 8hs 9/7/58 STORM u;'s
= F -0.34
SNOW 277 32 REF. R/O 0.033 0.039 0.916 0.043 REF=30 | "0
PEAT. A/O 0,044 0,044 0.987 0.062 sim=150 | sp -0.077
sU -0.427
REF (R/E/R/O)| 81 — 1.94 25
RUN ID A% OF R/O +9.1 +0.8 +149 +79.6 +301.6 +8.91
RW24
5% OF oCT JAN APR aUG
MONTHLY R/0|  +4.52 11,18 +0.54 +58.45 8/15/68 STDRO“’L;Ji 5
REGIONAL 22,248 4 REF. R/Q 0.099 0.980 0.487 0.084 REF=c44 | - P
W -0.008
PERT. R/Q 0.11 093 0.66 0.12 SIM= 2586 { ¢n _p 140
REF. MONTH- sy -0.796
REF M 0.177 3.634 2.600 0.258
RUN 1D A% OF R/O +32.3 +1.0 +15.4 +318.0 +891.18 +14.85
RW24
stormR/F | 1DI1S/E7 Va8 2568 | &18/68 o/25/58 | STORMuU/S
SU8- . . . -
WATERSHED| 2 326 50 REF. R/D 0.045 1,609 0.749 0.059 REF-34 | F 0323
NO. W -0.010
1 PERT. R/O 0.06 1.63 0.6 0.25 §M=337 | go _n15a
REF {R/F/RIOY] 48 1.18 4.65 465 su -0.318
RUN ID A% OF R/Q +24.7 +G.4 +27.8 +163.6 +1456.52 +12.87
RW24
STORM R/F | 10015/67 yoras 4/28/8 73168 9/2/68 ETORM U/S
sug. ' ' ; ‘ 0247
WATERSHED 813 50 AEF. R/O 0.095 2170 0.521 0117 REF =23 F ’
NO. W -0.004
3 PERT. R/O 0.12 218 0.67 0.30 sim=358 | oo _g27e
REF (R/F/R/0}| 264 1.43 3.26 18.9 SU -1.536
RUN 1D A% OF R/D +87 +0.8 +12.1 218 +250.0 +5.12
RW24
10/15/67 170768 4725768 8/13/68
SUB. STORMR/F [ Pop 304 Ve 2 9/29/68 STORM U/S
WATERSHED| 1,064 a7 REF. R/O 0.036 1.907 0.921 0.086 ReF=4 | F 0087
: W -0.008
5 PERT. R/Q 0.04 1.92 1.03 0.10 siM=14 | o 921
REF (R/F/R/0Y| 30 1.06 1.97 25.8 sy -0.218
RUN 1D A% OF R/O +35.7 +0.7 133 #1103 +167.5 +9.48
RW24
10/15/67 1/8768 4/26/68 8/14/68
sus. STORM R/F s b Vas s 9/30/68 STORM U/S
WATERSHED| 4 419 40 REF. R/D 0.029 1.557 0.610 0.127 REF=40 | = 037
N_?. W -0.007
PERT. R/O 0.04 1.57 0.69 .27 SiM= 107 | ¢o 9133
REF {R/F/R/Q)| 545 1.77 314 23.2 suU -1.103
RUN ID A% OF R/O 43,1 +0.7 +205 +5386 +400.0 +5.78
RW24 7
S Il I O Ol T R T
WATERSHED| 3651 30 REF. R/O 0.150 0.769 0.598 0.031 rer=g | £ 00D
NO. W -0.007
n PERT. R/O 0.15 0.77 6.7 0.05 siM=45 | oo _ga0s
REF (R/F/R/O)} o0 18 za 16.4 SU -0.535

6-75




SENSITIVITY ANALYSIS OF
SMALL, SNOW & REGIONAL WATERSHEDS

TABLE®-54

SUZC -50% PERTURBATION (0.20 — 1.5)

-
SIGNIFICANT STORMS
AREA EPAET Low ANNUAL
WATERSHED] (¢ k) 1IN} ouTPUT FLOW FLOW
FALL WINTER SPRING SUMMER
AUN ID A% OF R/O 0.0 0.0 0.0 +3.7 +253 +0.37
s02a stormR/r | JN3E3 1;?13;;54 g’ ;;54 & }g’“ 9/27/64 STORM U/S
SMALL 365 a5 REE. R/O 0.175 2.31 1.98 0,755 REF = 7.9 :\' g'g H
PERT. R/O 0.18 2.31 1.94 0.28 sim=81 1|4 oq i
REF (R/F/R/Q}| 17.9 1.38 1.47 8.3 st -0.074
RUN ID A% OF R/O )
STORMR/F [ J008/57 1 4/21/58 BO0/E | BA3KE | g STORM U/S |
SNOW 217 32 REF. R/D 0.033 0.039 0.916 0.043 REF - 3.0 qu t
PERT. RfO SIM = s |
! su :
REF (R/F/R/O)| 91 — 1.94 5 | i
e —— ———r Mmoo e . w aSemrmen o sk L ore— B R
RUN ID A%OFR/IO | +69 +0.5 +14.7 +31.1 +100.9 l +5.87 '
AW26 s '—
2% OF acT JAN APR AUG : .
MONTHLY R/O| +2.82 0,74 +0,468 +36,82 9/15/68 | STORMU/S §
REGIONAL | 22,248 a1 REF. R/O 0.089 0.980 0.487 0.084 REF-gag | F 0118 ¢
w -0.010
PERT. R/ 0.10 0.98 0.56 0.08 SIM= 1294 | ¢p 0208
REF. MONTH - SU -0.622
REF M 0.177 3,634 2600 0.258 ‘
RN 1D A%OF RO | +19.9 +0.6 +14.3 +80.2 +226.47 +6.89 i
AW26 K
10/15/67 1/8/68 4726768 B/18/68 O
SUB. storm RiF | 1018 e Tay 270 8/25/68 STORN .
WATERSHED| 2,326 50 REF. R/O 0.045 1,609 0.749 0.059 REF=34 |F -0398 ,
NGO, —_— e —— w9012
! 1 PERT. R/O 0.05 162 0.85 o.11 SIM- 117 1 gp 286
| REF (R/F/R/D}| 48 1.18 4,65 465 U -1.804
’ Hnw; EID AROFRD | +144 +0.3 +277 +49.7 +86.93 !_ +7.06 :
- srommme | W00 | R | 4R | S | paee  sromns
[WATERSHED|  g13 50 REF. R/O 0.095 2.170 0.521 0.147 REF.p3 | [ 0268
i NO. W -0.005
’ 3 PERT, R/Q 011 2.18 0.57 0.18 SIM= 43 | gp 55a
. REF (R/F/R/QI| 264 1.43 3.26 18.9 5U -0.584
' :VL:'ESID A%OFR/O | +39 +0.5 +12.0 +9.4 +150.0 +3.66 .
10/15/67 179763 4725768 8/13/68 o i
i sum STORMR/F | g 204 o 307 9/20/68 | STORMU/S I
WATERSHED] 1 ggq 37 REF. R/O 0,036 1.907 0sz1 | o086 REF=4 | 0078
NO. W -0.010
. )
PERT. R/O D.04 1.82 1.03 D.09 SIM=8 P -0.240
REF (R/F/R0I| 30 | o6 197 25.8 SuU -0.188
' L]
RUN ID % OFRIO | +204 +05 +132 +E4.1 +775 +5.99 i
RW26 - s
10/15/67 1/6/68 4/26(68 8/14/68 !
SUB. STORM R/F es oA 325 il 9/30/68 STORMU/S
-WATSSSHED 1,111 10 REF. R/O 029 1667 0.610 0.127 REF-ag | & "04E8
0. e L W -0.010
! PERT. R/O 0.04 L 156 0.69 0.20 SiM =71 SP -0.264
REF R/E/R/O)| 545 1.77 3.14 23.2 8U -1.082
RUN ID A% OF R/O -1.3 -0.4 ~172.7 7.2 -22,2 -3.14
RW2E
10/28/67 1/8/68 5/8/68 8/20/68
Csus- STORMR/F | 135 137 1.1 0.50 9/14/68 | STORMU/S
JWATERSHED| 7554 30 REF. R/O 0.150 0.769 0.588 0.021 ep-g | F 0038
)
1 W -0.010
PERT. R/O 0.156 .77 0.48 0.03 SiM=7 Sp -0.408
REF IR/FR/ON] 9.0 18 324 16.1 SU -0.472




SENSITIVITY ANALYSIS OF

SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 6-65

SUZC +50% PERTURBATION (0.20 — 1.5}

SIGNIFICANT STORMS
AREA EPAET Low ANNUAL
WATERSHED| (30, kM) N) OUTPUT Lo oW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O 0.0 oo 1 7. -12.3 -5.06 -1.88
5029
srormmr | VA3 | veses 1 Sfss - f B4 | enriea | sToRmuss
SMALL 365 45 REF. R/O 0.78 231 194 0.25% REF =74 :v 3’3
PERT. R/O 0.18 2.31- 1.80 0.22 S5IM=75 | gp -0.034
REF (R/F/RIO)] 1789 1,38 1.47 83 su -0.246
RUN ID 4% OF RAQ
SToRMR/F | 1011857 | 42158 810/58 | 81378 - | 1758 STORM U/S
SNOW 277 32 REF. R/O 0.033 0.030 0.916 0.043 REF = 3.0 :u
PERT. R/O SIM = 5P
REF (R/F/R/C)| 91 — 1.94 25 su
AUN ID A% OF R/O -3.8 -0.3 -138 -12.2 -36.87 -4.11
RW25 .
4% OF ocT JAN APR AUG
MONTHLY R/Of _-1.69 -0.44 -2.96 -14.34. 9/15/68 STORM U/S
REGIONAL | 22,248 a REF. R/O 0.099 “0.980 0487 - | o064 | ReF=6as | F D078
- > . W -0.006
PERT.R/O - | 0.10 0.98 042 ' 0.06 SIM= 413 | gp -0.276
REF. MONTH - ' suU -0.244
Ly B/ 0.177 3.634 . 2,600, 0.258
RUN ID A% OF R/O -1 -0.2 -11.4 -34.9 -50.0 -5.33
RW25
10/15/67 1/8/68 4/26/68 B/18/68
SUB. sToRmMR/F | De T 3.49 22 - | oresres STORM LI/S
WATERSHED| 2326 50 REF. R/O 0.045 1,609 0.749 0.059 REF-34 | [ 0222
W -0.008
1 PERT. R/O 0.04 1.61 0.68 0.04 SiM=17 | o _g228
REF (R/F/R/DY] 48 118 4.65 465 su -0.698
RUN ID A% OF RO 94 0.0 -1756 -18.0 -34.78 -4.97
RW25
e | stormasr | 0567 | jijes dizaiea | 73168 1 o168 STORM U/S
WATERSHED| g3 50 - REF. R/O 0.095 2170 0.521 0,117 REF-23 | F -0188
NO. . w 00
& PERT. R/D 0.09 2.7 043 . '} 0.0 sim=15 | gp _p.as0
"|REF (R/F/R/O)| 284 1.43 3.26 189 SU -0.360
RUN ID 1. a%oFrio | -21 0.4 133 | 65 -25.0 -3.23
RWZ5 .
. 15/67 1/9/68
. sTORMR/F | oot 2 os 4/asies | 3368 | 9068 | sTORMU/S
WATPEJSS“ED 1,064 37 REF: R/O 0.036 1.907 0.821 0.086 REF =4 F 0042
o. W -0.008
PERT. R/Q 0.04 190 0.80 0.08 sim=2 5 -0266
rerrirmi)| 30 1.06 197, | 258 su -0.110
RUN 1D A% OF R/O 150 0.3 -15.8 - .-28.2 325 -4.68
RWZ5
T 10/15/67 176768 4/26/68 #/14/68
B, STORM R/F Ao 276 143 Jos 9/30/68 STORM U/S
WATSSSHED AN 40 REF. R/O 0.029 1657 0.610 0.127 REF=-40 | F 0300
7 - W -0.006
PERT. R/Q 6.0z 1.55 0.52 0.08 SiM = 27 sP -0.300
REF (R/F/R/O)| 545 137 3.14 . 23.2 SU -0.564
RUN ID A% OF R/O 13 -04 177 7.2 222 -3.14
AW25
10/28/67 1/8/68 5/8/68 -~ 8/20/68
SUB- STORM R/F 745 137 Ta1 B0 9/14/68 STORM U/S
WATERSHED| 2559 30 REF. R/D 1150 0.769 0.588 0.0 REF-g | & 0%
I\:?. w  -0.008
PERT. R/O 015 0.77 0.48 0.03 Siv =7 s -0.354
REF (R/F/RIO)] 9.0 18 3.24 16.1 su -0.144
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{SUZC —— SEASONAL UPPER ZONE STORAGE CAPACITY FACTOR/INFERABLE FROM LAND USE CLASSIFICATION}
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Figure 6-16. Seasonal Upper Zone Storage Study, Summer Storms



6.3.6 LZC, LOWER ZONE CAPACITY

LZC is the soil moisture storage capacity index which approximately
equals the average water holding capacity of the soil. A larger ratio of
soil moisture to capacity decreases the rate of infiltration, increases
the availability of moisture to plant roots for evapotranspiration, and
means more of the incoming moisture will percolate to groundwater. The
percentage of either direct or delayed infiltration that enters the ground-
water storage {the rest of the water is held in the soil) is a function of
the dimensionless storage ratio LZS/LZC, where LIS is the quantitﬁ.of .
water in the lower zone storage and LZC is the storage level at which fifty
percent of all incoming moisture moves to groundwater storage.

Ross states that decreasing LZC in the model has the same effect as
would reducing the ability of the soil to store water. Thus, the total
synthesized runoff will increase. The sensitivity analysis that decreas
LZC in the model increases the total annual flow, and the flows during fall,
winter and spring. But summer flows and low flows are all diminished;
this occurs in all watersheds analyzed. The explanation is in the caicu-
lations of CMIR which is the current maximum infiltration rate during the
period of calculations. ‘

CMIR = % SIAM«BMIR/2#*(4.+LZSR)

here LZSR = LZS
whe ZC

As an example, consider subwatershed 7 with -50% perturbation in LZC
(7.0 is the reference value).

August 15 November 5
LZS 1.0 3.0
Lz¢ 3.5 3.5
BMIR 12.0 12.0
SIAM 1.6 1.02
LZS/LZC 0.29 0.86
August 15 CMIR = % x 1.6 x 12.0/2+x1,14
= 4.8/2.2 = 2.18
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November 5 CMIR = % x 1.02 x 12.0/2%%3.44

3.06/10.85 = 0.28

The above calculations explain the change in polarity of the summer flows.

The parameter LZC can be inferred from land-use classification once
a relationship of soil associations, slope of watershed, type and density
of vegetation and forest cover is related to LZC. At present, it is quanti-
fied by calibration and manual adjustment.

Sensitivity analysis results indicate that LZC is a very influential
parameter for all seasons. The unit sensitivity is 1.4 for the fall
seasons and 0.5 for the winter seasons. Results are shown in Tables 6-56
through 6-65 and Figure 6-17.
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TABLE 656

SENSITIVITY ANALYSISOF  1zc (am ANNUAL R/F =58.23 IN
SMALL WATERSHED 365 50. KM EVAPOTRANSPIRATION NET = 24.24 IN
TOTAL DBSERVED ANNUAL R/O = 31.38 IN
SIGNIFICANT STORMS
2% 9/27/64
RUN PARAM | peRTUR. 5/1/64 814/ Low ANNUAL
D VALUE | BATION OUTPUT 1144783 1/23/64 64 FLOW FLOW
. FALL WINTER SPRING SUMMER
A% OF R/O +1151.4 +24.9 +7.1 - - -
STORMR/F 313 319 287 216 STORM /S
D032 0.001 -100 REF. R/Q (IN) 0175 2.3 1.94 0.255 REF = 7.9 Foo-nse
: W - 0.249
SIM= —
peRT.R/O N)| 210 2,89 2.08 - P - 0071
REF (R/F/R/O) 17.9 1.38 1.47 B3 U -
A% OF R/O +300.2 +13.1 +1.8 -334 -16.46 +7.34
STORM R/F 3.13 3.19 287 2.18 STORM /S
$033 20 -5 |REF.RjO (MY 0475 23 1.04 0.255 B F o -6.004
REF=79 |w _o261
SIM = 6.6 )
PERT.R/O ON)| Q.70 2.62 197 0.17 S 0026
REF (RIFR/OY|  17.9 1.38 1.47 83 SU  +0.668
A% OF R/O -53.6 127 29 +32.7 +16.48 -6.82
STCRM R/F 3.13 3.9 287 2.18 STORM U/5
5034 6.0 +50 |mer.ro M| 0475 2.31 1.94 0.255 P02
REF=79 W -0.254
=92
PERT.R/C INY{  0.08 2.02 1.88 0.34 SiM 5P -0.058
REF (R/FfR/0}| 179 1.38 1.47 8.3 5U  +0.654
A% OF R/O -69.9 -24.7 -59 - - -
STORM R/F 313 3.19 2.87 2.16 STORM U/S
: D035 8.0 +100 REF. RO (IN) 0.176 221 1.94 0.255 F  -0699
{ REF=79 1w 0247
i : _ §iM= —
,; PERT. R/O {IN) 0,05 1.74 1.92 SP -0.059
| 6-a REF (R/F/R/O) 17.9 3.19 1.47 8.3 U -

L -2l



SENSITIVITY ANALYSIS OF

TABLE 657

ANNUAL R/F = 33.38 iN

LzC (8.0} EVAPOTRANSPIRATION MET = 18.78 IN
SNOW WATERSHED 277 5Q. KM TOTAL OBSERVED ANNUAL R/C = 10.03 Iy
SIGNIFICANT STORMS ) ;
; 9/7/58
A% oUTPUT W7 | ojziss 510/58 1  B/3/58 tow ! ANNUAL
PARAM FERTUR- : t ) . FLOW i FLOW
RUN 1D VALUE BATION FALL WINTER ' SPRING . SUMMER ! :
RN UM WP O SO SR
A% OF R/O +93.7 1829 | #4134 | 470 .20.0 [ 4330
STORM R/F 2.99 0.0 E 178 ! 1.09 E STORM U/S !
] =% : |
58 30 -50  |REF.RiOON)| 0033 0o | oew | o043 REp-3g | T 187 ]
T T e SiM- 24 W 1858 !
PERT.R/O (NI 0083 | 0072 | 13w . 004 s 0856
REF {R/F/R/OI 81 - Y 25 VSU 6016
: = ; ) ;
{ - : ; PPra
| A% OF RO +18.2 w279 +i68 435 567 +i2.18
! STORMR/F | 299 0.0 Toge 1.00 | stoRmu/s -
T ke p : o .. | F o -0EID
59 4.8 - 20 REF. R/O{INJ| 0033 cose | 096 0043, REF-an | )
- S e . 8IM - 2L woo-naen
PERT. R/O (1|  paoze 0.0%0 1.052 0065 PR
(RIE/RIO1T B - P 5 8¢ 2003
ssorro | es . aes ) [ Yam -0.85
..iu— ‘ — - 7“-—-—- —— — ---‘
STORM R/F 299 L W i 1.09 I: £ STORY Ui |
! ‘ :
60 7.2 +20  |REF.mOUNY] 0033 | o039 0916 | 0043 | Rpep-apj | o4
e — b e ee———— b g3 w460
PERT. R/Q ili.]  0.03D vo2s | o7 | oooar | & 032!
1
REF IR/F/RIDY| D — 1.94 25 sU -D.zid f
A% OF R/ -147 -B5.7 218 T +333 253 I
STORM R/F 290 0.0 1.78 1.09 STORM U'S [
Fo-nzan !
L] 9.0 + Bi) REF, R/O {IN.) .033 2.039 0.915 0.043 REF - 3.0 !
" . — L SIM = 3.1 w ~1.110 |
PERT. R/O [iN.) 0.028 0.017 0.324 D.038 50 -0,340 ‘
6-82 REF (R/F/RID}| o1 i 1.94 25 SuU -0.230 |
o J— -
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TABLE 858

/ ANNUAL R/F = 41.89 IN
REGIONAL WATERSHED 22,248 50: KM TOTAL OBSERVED ANNUAL R/C = 15.41 IN
IGNIFICANT STORMS
SIGNIFICANT § 9/15/68
A%
AUN parAw | PERTOR. 10/28/87 | 1izve 5/9/68 811/68 Low ANNUAL
) VALUE | BATION DUTPUT FALL WINTER SPRING | SUMMER FLOW FLOW
A% OF RO +35.2 +23.0 +20 -14.2 2717 +18.11
A% OF ocT IAN APR AUG
RM U
MONTHLY R/O) 41575 +27,02 +8,12 -17.05 iTo s
REF.R/O (IN) | 0.090 0.990 0.a87 0.064 ~0.704
REF=644 | W _0.460
2 3.5 - 50 PERT. R/O (IN)] 0.134 1.205 0.497 0.055 SIM=469 | o om0
wo oy | 0arm 3.634 2.600 0.258 $U+0.284
4% OF R/O 128 s +0.9 26 -7.61 +3.42
3% OF ocT AN APR AUG
MONTHLY R/0]  +1.13 +5.34 +1.89 -3.10 STORM /S
30 6.3 - 10 REF.R/0 (N)| 0.009 0.980 0487 0.064 F -0.290
AEF=644 | w -0.450
PERT.R/D (N)| 010 102 0.49 0.06 sim=595 | . oo
o 0477 3.634 2.600 0.258 SU +0.260
4% OF R/O 2.1 45 -1 23 +7.20 -3
A% OF ocT AN APR AUG
MONTHLY R/0| 113 -5.28 -1.96 2.1 STORMU/S
F 0210
28 1.7 +10 REF.R/O (N | o0.089 0.980 0.087 0.064
REF=644 | W -0.450
PERT, R/OQ {IN})] 0.09% 094 0.48 0.07 siv = 691 | sp -p110
o T ] 0477 3.634 2,600 0.258 Su+0.230
4% OF R/O 70 217 63 +8.0 +32.14 -15,76
3% OF ocT JAN APR AUG
MONTHLY R/Q| -2.82 254 -10.0 +10.47 STORM U/S
29 10.5 + 50 REF.R/O {IN} | 0.099 0.980, 0.4a7 0.064 F-0.940
- L REE=644 | W -0.434
PERT. R/O(N)| 0.082 0.767 0457 0.069 stvi= 851 | sp _naze
6-83 e [ g177 3.634 2.600 0.258 SU +0.160
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' TABLE 8-69
ANNUAL R/F =59.20 IN
SENSITIVITY ANALYSIS OF Lzc 60 EVAPOTRANSPIRATION NET =40.29 IN
SUBWATERSHED NO. 1 2,326 5Q. KM TOTAL OBSEAVED ANNUAL R/O = 19.63 IN

SIGNIFICANT STORMS
: A% 9/25/68
RUN PARAM FERTUR 4/26/68 .B/18/6B LOW ANNUAL
b Dok BATION ouTPUT 10/16/67 1/8/68 8118/ Lo oW
FALL WINTER SPRING SUMMER
A% OF R/O +89.5 +25.1 -1.4 -36.4 -50.0 +15.83
STORM R/F 2.16 1.91 3.49 279 STORM U/S
3 3.0 - 80 REF. R/Q (IN.) 0.045 1.609 0749 0.052 . F 1790
REF = 34 w 0502
SiMm= 17 -
PERT. R/O [LN.] 0.085 2.013 0.738 0.037 SP 4D.028
REF {R/E/R/O)| a8 118 465 265 SU +0.728
A% OF R/Q +1.7 +48 +0.6 74 -14.71 +3.11
STORM R/F 216 191 249 279 STORMU/S
30 5.4 - 10 REF. R/O {IN.)} 0.045 1.609 0.748 '0,059 - F-D.770
: , o |w -0as0
PERT. R/O{IN.}  0.05 1.69 0.75 0.05 P -0.060
REF (R/F/R/O) 48 1.18 4,65 465 SU +0.740
A% QF R/O -59 -4.8 0.9 +6.9 +14.71 -3.03
STORM R/F 2.16 1.91 3.49 279 STCRM U/S
28 6.6 + 10 REF. R/O (iN.} 0.045 1.609 0.740 0.059 B £ -0530
gl'fw':;g; W -0.480
PERT.R/O{IN)| 004 153 0.74 0.08 ®  -0.090
REF {R/F/R/O) 43 118 4,65 46.5 SU +0.690
A% OF R/O -19.5 -23.1 58 +28.3 +61.76 -14.67
STORMR/F 2.16 1.91 349 279 STORMU/S
29 2.0 + 50 REF. R/O {IN.) 6.045 1.609 0.749 0.059 _ Foo-03%0
REF=34 |y _gae2
PERAT. R/O(IN]  ©.036 1.237 0.706 0.075 sM= 55 | o 41
6-84 REF (R/F/R/O} a3 1.18 4.65 465 sU  +0.568
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TABLE 6-80

SENSITIVITY ANALYSIS OF - 1zc 160 Qﬁﬂé’éﬁﬁ’ﬁéfﬁ‘fﬂgﬁ NET = 37.42 IN
SUBWATERS \ 210 -
HEDNO.3 81350 KM . . : TOTAL OBSERVED ANNUAL R/O = 26.14 IN
IGNIFICANT STOAMS
A% SIGN 9/2/68
rRunip | PARAM PERTUR- QUTPUT 10/15/867 1/9/68 4/25/68 7/31/68 LOW ANNUAL
VALUE BATION | FLOW FLOW
' FALL WINTER SPRING SUMMER .
4% OF R/O 4908 | +18.2 - wa | -8 13913 +12.96
STORMR/F | 251 an- “1.70 221 STORM UH/S
g : — -1.812
Rw 3t 3.0 - 50 REF. R/O{IN}]|  0.095 2,170 " 0521 0.117 _ F
: : REF=23 |u 0324
PERT. R0 (N past | 2820 0.523 n.094 SIM=14 1 0006
REF (R/F/R/OI]  26.4 143 326 18.9 SU +0.396
4% OF R/O +7.8 +31 +0.8° A3 1 -az7 +2.61
STORM R/F 2.51 an - 170 2.21 STORMU/S
RW 30 5.4 - 16 |mer.mioONd]  ooss 2.170 a.521 0.117 _ F 0780
REF=23 |y .0.a10
PERT. R/O (NS 010 224 053 | om SIM=21 | o 508D
REF [R/F/R/O})}]  26.4 1.43 3.26 18.9 WU +0.430
A%OFR/O | -58 -3.0 -0.9 1 +8.70 -248
STORM R/F 2.51 311 1.70 . 2.21 STORM U/S
RW 28 6.6 +10 REF.R/O (INY|  0.085 2170 | . o521 0.117 . F -0880
REF=23 |w _g3p0
: . SIM = 25 -
PERT. R/O {IN.) 0.09 2.10: 0.52 .12 P -0.000
REF {R/F/R/O)| 26.4 1.43 | aze 184 5U +0410
« 4% OF R/O 18.7 .1a8 | -56 74 | +3478 1195
STORMRA/E | 251 31t | 170 221 STORM U/S
AW 29 8.0 +50 |REF.R/G(N)| ©.005 2170 - 0521 0.117 . F. 0am
: REF=23 |, _gogg
- - : ) SIM= 3 '
PERT. R/Q (IN.] 0.077 1.848 o 0,492 0.138 SP  -D.112
£-85 REF (R/F/R/O)| 264 193 | sz | 188 SU  +0.348
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TABLE 881

ANNUAL R/F = 48.24 IN
SENSITIVITY ANALYSISOF  Lzc (60} EVAPOTRANSPIRATION NET = 27.87 IN
SUBWATERSHED NO.5 1,064 S0 KM TOTAL OBSERVED ANNUAL R/O = 22.36 IN
SIGNIFICANT STORMS sr20/68
A% 10/16/67 1/0/68 4/25/68 8/13/68 LOW ANNUAL
PARAM PERTUR: ouTPUT FLow | FLow
RUN ID VALUE BATION EALL WINTER SPRING SUMMER
A% OFR/Q | +96 +23.8 +2.6 -6.3 -25.0 41524
STORM R/F 1.08 2.04 182 222 STORM U/S
AW 31 30 - 50 REF. R/O (INJ|  0.036 1.907 0.821 0.088 Rep-4 |7 0122
SIM=3 | w 0472
PERT. R/O (1N} 0.039 2.358 0.044 0.082 S -0.080
REF (R/F/MA/Q)| 30 1.06 1.07 25.8 SU +0.106
A% OF R/Q +09 +45 +0.9 1z 0.0 +2.98
STORMR/F { 1.08 204 182 222 STORM U/S
RW 30 64 - 1 REF. R/Q (IN.)} 0.036 1.907 0.921 0.086 per=a | F -0.090
Sim= 4 | W -0480
PERT. R/O (N 004 1.99 0.53 0.9 s -0.080
REF (R/F/R/OY] 30 1.06 197 258 Su +0.024
A% OF R/O 0.7 44 1.1 C 412 +25.0 -2.92
STORMR/E [ 1.08 204 1.82 222 STORM U/S
RW 28 66 + 10 |Rrer.mrooN| 0.036 1.907 0.921 0.086 ReF-4 | 0070
SiIM= 5 W -0.440
PERT. R/O (N} 0.036 182 0.91 0.00 P -0.110
REF (R/FfR/Q)] 30 1.06 197 25.8 su 10,120
1 a%orrio 23 209 6.1 +E.6 +75.0 1385
STORMR/E | 1.08 2.04 1.82 222 STORM U/S
F 046
RW 28 9.0 + 50 REF. R/O {1N.} 0.036 1.907 0.921 0.086 REF=4
SIM=7 w 0413
PERT. R/O (10} 0.035 1.508 0.B65 0,091 sp -0.122
6-86 REF (R/F/R/OI| 30 1.06 197 258 su +0.112




TABLE 8-82 ANNUAL R/F = 50.93 IN

SENSITIVITY ANALYSIS OF © LZC (7.0} ) EVAPOTRANSPIRATION NET = 33.02 IN
SUBWATERSHED NO.7 1,111 50, KM TOTAL OBSERVED ANNUAL R/O = 18.29 IN
SIGNIFICANT STORMS 0/30/63
A% 1 18 4/26/68 8/14/68 LOW ANNUAL
PARAM PERTUR- OUTFUT . 0/15/67 /B/G8 126/ oo FLow
AUN 1D VALUE BATION FALL WINTER SPRING SUMMER
4% OF R/O +185.6 +30.3 +8.2 399 4250 +19.68
STORM RSF 158 276 1.92 295 STORM L/S
AW 31 as -850 |Rer.rioomi] 002 1567 0.610 . 0127 REF=4p [F -3.710
: siM= 23 |w -0.608
PERT. R/O (INJ}  0.084 2.029 0.666 0.076 s -0.184
REF (R/F//0)| 545 177 3.14 232 SU +0.798
A% OF R/O +129 +5.6 +2.1 80 750 +3.68
STORM R/F 158 276 1.52 295 STORM U/S
RW 30 6.3 - 10 REF. R/OUNY|  0.029 1.557 0.610 0.127 REF=4p |F -1490
: ' SIM=37 |w -0412
PERT. R/O (IN.E 0.0 1.64 0.62 0.12 SP .0.042
REF (R/F/R/O)| 545 177 314 23.2 U +0.800
4% OF R/O 9.1 58 23 +7.3 +7.50 -2.63
STORMRA/F | 158 276 192 . 285 STORM U/S
RW 28 7.7 + 10 REF. R/OON.}|  o.020 1.557 0610 0.127 REF =40 | 0910
- sim=43 W -0560
PERT. A/Q {IN.} 0.029 1.47 0.60 0.14 sp -0.230
REF (R/F/R/0)] 545 177 314 | 232 SU +0.730
A% OF R/O -29.2 26.2 1.4 +285 +30.0 1731
STORM &/F 1.58 2.76 1.92 295 STORM U/S
F -0,
AW 29 105 + 50 RerF. r/o(N)| 0029 . 1.557 0.610 0.127 REF =40 0584
- Sm=52 | W -0524
PERT. R/O )| 0.021 1.149 0.540 0.163 S -0.228
6-87 REF {R/F/R/O)| 545 177 | R 23.2 SU +0.570
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TABLE 663 ANNUAL R/F=35.81IN

SENSITIVITY ANALYSIS OF 1zc (6.0 EVAPQTRANSPIRATION NET = 26,35 (N
SUBWATERSHED NO. 11 2,651 SQ. KM TOTAL OBSERVED ANNUAL R/Q = 12.82 IN
SIGNIFICANT STORMS
. 9/14/68
A% 7 Low ANNUAL
PARAM  PERTUR- QUTPUT 10/28/6 1/8/68 5/8/68 8/20/68 FEOW A
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/Q +11.4 +31.7 +6.4 -113 -33.33 +21.92
STORM R/F 1.35 1.37 1.91 0.50 STORM U/S
RW 31 3.0 -50 REF. R/O (IN.}|  D.150 0.769 0.588 0.031 REF=g |f 0228
- SiM=6 w0634
PERT. RO UN.Y  0.167 1.013 0625 .| 0.028 SP 0128
REF (R/F/R/D)] 9.0 1.8 3.24 16.1 SU +0,228
4% OF R/O +.9 +5.9 1.7 -1.8 1111 +4.13
STORM R/F 1.35 1.37 1.91 0.50 STORM U/S
RW 30 5.4 -1 REF. R/O (IN.J| 0150 0.769 0.588 0.031 Rep-g | F -DOEC
sm=g | W -0.118
PERT. R/O N} a.th 0.82 0.60 0.03 SP .0.034
REF (R/F/R/0)] 9.0 1.8 3.24 16.1 sU +0.032
A% OF R/O -£0.7 59 -1.8 +1.2 +11.11 -3.99
STORM R/F 1.35 .37 1.9 0.50 STORM U/S
AW 28 6.6 + 10 REF.R/O (INJ] 0150 | o0.769 0.588 0.031 REF=9 | F 0070
5M=10 | W -0.118
PERT. R/O IN.h 015 0.72 0.58 0.03 SP _0.036
REF (R/F/R/O)| 9.0 1.8 - 3.24 1 161 SU +0.024
4% OF R/O -2.2 -28.7 08 +2.9 +33.33 -18.46
STORM R/F 1.35 1.37 1.0 0.50 STORM U/S
RW 20 9.0 +50  |mer.miouny|  0as0 0.760 0.588 0.031 ReF=g | F 0044
sm=12 |W -0574
FEAT. R/O {IN) 0.147 0.545 0,530 0,032 SF -0.196
- REF (R/F/R/Q}| 9D 18 3.24 16.1 sU  -0.058

L-2&



SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 6-84
SENSITIVITY ANALYSISOF  Lzc -50% PERTURBATION (4.0-7.0)

SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED | (eq* ity Ny QUTPUT . : FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O +300.2 +12.1 +1.8 -334 -16.48 +7.34
$033
stormp/r | 1174763 1/z3/64 SAea 814164 grzrea | sToRmuss
F -6.004
REF. | 0.175 2.3t 194 0.255 REF =79
SMALL 365 a5 F.R/O W 0261
PERT. R/Q 0.70 262 1.97 0.17 SIM=66 |gn _po3s
REF (R/EfR/)]| 17.9 1.38 1.47 83 Su +0.668
RUN ID A% OF R/O +93,7 +82.9 +43.4 +7.0 -20.0 +33.0
5B
sToRmR/F | JOIB/ST | 4121758 9/ | 8358 | gszism STORM U/S
SNOW 277 a2 REF. R/O 0.033 0.039 0.916 0.043 REF = 3.0 :’ :2;:
PERT. R/O 0.063 0.072 1.314 0.046 5IM=24 5P _(.BB8
SU -0.014
REF (R/FR/0)| @1 — 194 25
RUN ID A% OF R/O +365.2 +23.0 +2.0 -14.2 2717 +18.11
RW31
A% OF ocT JAN _AFR AUG
MONTHLY R/0| +15.25 +27.02 +9.12 -17.08 9/15/68 STORM U/S
REGIONAL | 22,248 41 REF. R/O 0.099 _0.880 0.487 0.084 REF-gaq | F -0-204
W _0.460
PERT. R/O 0,134 1.205 0.497 0.055 S$IM=489 | sp _pnoa0
REF, MONTH - ) ) SU -D,284
Ay 0.177 1634 2.600 0.258
RUN ID A% OF R/O +88.5 +25.1 -1.4 -36.4 -50.0 +15,83
RAW31
10/15/67 1/B/68 4726/68 8/16/68
SuB. STORM R/F 216 To1 3,49 279 9/25/68 STORM /S
WATERSHED| 2,326 50 REF. R/O 0.045 1.609 0.745 0.059 reF=34 | F -1.790
NO. W -0.502
! PERT. R/O 0.085 2013 0.738 0.037 SIM=17 | ep 4poz8
REF {R/FjR/0)| 48 118 4,65 465 sU +0.728
HUN ID A%0FR/0 | +e0s +16.2 +0.3 REE -39.13 +12.96
WA . — -
stommrie | WIS | IWE | 4R | TR | oo | srommus
WATERSHED 813 50 REF, R/O 0.095 2.170 0.521 0117 ReF-723 | F -1812
NO. ' g W -0.324
3 PERT. Rfo‘ 0.181 2521 0.523 0.004 9M=14 1 5 5 one
REF (R/F/R/Q)| 264 1.43 3.26 18.9 SU +0.396
RUN 1D A% OF R/O +9.6 +23.6 +25 5.3 -25.0 +1524
AW
10/15/67 179768 4/25/68 8/13/68
P sum. STORM R/F a8 2.0 Ve 529 9/20/66 STORM L/S
WATERSHED| 4 ngy 37 REF. R/O 0.036 1.907 0.921 0.086 REF =4 Fo-0a92
th‘:n. W —0.472
PERT. R/O 0.039 2.358 0.944 0.082 SIM= 3 s _posa
AEF (R/F/R/OY 30 1.08 1.87 25.8 SU +0.106
RUN ID A% OF R/Q +185.5 +30.3 +9.2 -39.9 -42.50 +19.58
RW31 -
10/15/67 175568 4/26/68 8/14/68 .
SUB. STORM R/F TER 276 Va3 2 g8 9/30/68 STORMU'S
WATERSHED] 4 9y a0 REF. R/O 0.022 1557 0.610 0127 REF-40 | = 3710
N;J. W -0.606
PERT. R/O 0.084 2.029 0.668 0.076 $M=23 | oo g 1gs
REF (R/F/R/O)] 645 177 314 232 S +0.798
RUN ID A% OF R/O +11.4 +31.7 +6.4 -11.3 -33.33 +21.82
AW
10/28/67 1/8/68 5/8/68 8/20/68 ‘
SUB. STORM R/F b it T8 a0 9/14/68 STORM U/S
WATERSHED] 2 5g 30 REF. R/O 0.150 0.769 0.588 0.031 REF-g | F 0228
N1(1). . W -0.634
PERT. R/Q 0.167 1.013 0.625 0.028 SiM =6 SP -0.128
REF (R/F/R/Q)] 9.0 18 324 16.1 SU +0.226




TABLE 6-85

SENSITIVITY ANALYSIS OF  wzc +50%PERTURBATION (4.0 - 7.0}

SMALL, SNOW 8 REGIONAL WATERSHEDS

SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED | (5q ey N OUTPUT Low i
FALL WINTER SPRING SUMMEH
AUN ID 4% OF R/O -53.6 -12.7 29 +327 +16.46 652
5034
sTORMR/F | Jl/afea | 12368 Shlsd 814164 | oszziea | sTORMUIS
o F o -1072
REF. R/O 0.175 231 194 0.255 REF =7.9
SMALL 365 45 W 076s
PERT. R/O 0.08 2.02 1.88 0.34 sm=92 | g o058
REF (R/F/R/OY 17.9 1.38 1.47 83 5U +0.654
RUN ID A% OF R/0 14,7 E6.7 319 -7 *3.33 -25.3
61
STORMR/F | /1857 | 4121/58 808 | 8M3BB | 5y7/se STORM U/S
SNOW 277 a2 REF. R/O 0.032 0.030 05916 0.043 AEF =340 :v ":?":3
PERT. R/O 0.028 0.017 0.624 0.038 SIM=31 {5 -08d0
REF {R/F/R/O) 91 —_ 1.94 25 SU -0.230
RUN ID A%OFRO | -70 217 6.3 +8.0 +32.14 1576
HAW29
5% OF ocT JAN APR AUG
MONTHLY R/O] -2.82 -25.4 -10.0 +10.47 9/15/68 STORM U/S
REGIONAL | 22248 41 REF. R/O 0,009 0.980 0.487 0.064 REF =644 | F ':'123
w -043
PERT. R/O 0,082 0.767 0.457 0.069 SIM=851 | 5p _p.128
REF. MONTH- SuU +0,180
REF. M 0177 3634 2,600 0.258
RUN 1D A% OF RJO 185 -23.1 6.8 +28.3 +61.76 1487
RW
10/16/67 T78/68 3726768 B/18/68
sus. sTorRmR/F | 12 Ve 428 57 9/25/68 STORM U/S
WATERSHED| 2,328 50 REF. R/O 0.045 1600 0.743 0.059 REF=34 | F 03%0
NQ. W -.462
1 PERT. R/Q 0.036 1.237 0.708 0,075 SIM=55 | & _g11e
REF [R/F/R/0)| a8 118 465 465 5U +0.566
RUN 1D A%OFRAO | 187 -14.8 56 174 +3478 -11.95
RW29
T0/15/67 779768 4125/68 773168
“Us. STORMR/F | PL] n 4128 = 9/2/68 STORM U/S
WATERSHED | g3 50 REF. R/O 0.095 2170 0521 0.1y REF-23 | [ 034
NO. W -0.296
3 PERT. R/O 0.077 1.848 0.482 0.138 SM=31 | g o1z
REF (R/F/R/O)| 264 1.43 3.26 18.8 SU +0.348
RUI;ng A% OF R/O 2.3 -20.9 -6.1 +5.6 +75.,0 -13.85
RW!
10/15/67 179768 3/25/68 83768
‘ SUB- STORMR/F 1.08 2.04 1.82 2.22 9/29/68 STORM U/S
‘WATSSSH BBl 1,06 37 REF. R/Q 0.036 1.907 0921 0.085 REF-4 | F 0048
! 0. w 0418
PERT. R/O 0.035 1.508 0.865 0,091 sSiMm=7 %P -0.122
REF (R/F/R/0)| 30 1.06 1.97 268 SU +0.112
RUN D A% OF R/O 29.2 -26.2 -4 +28.5 +30.0 -17.31
T0/15/67 | 1/8/68 4/26/68 B1a/68
B, sTormR/F | 10T Y Vas 585 9/30/68 STORM U/S
WATERSHED| 4 1qq 40 REF. R/O 0.029 1567 0.610 0.127 nEF-qo | FOB4
7 w ~-0524
PERT. R/O 0.021 1149 0.540 0,163 $iM=52 | on _go228
REF (R/F/R/O)| B45 1.77 3.14 232 SU +0.570
RUN ID A% OF R/O -2.2 -28.7 -0.8 +2.9 +33.33 -18.46
RW29
sus- stormme | 1028067 | WBRE ) oimes | G0 | ooname | sToRmMUs
WATERSHED| 55 30 REF. R/O 0.150 0.769 0588 0.031 aep-g | 7008
e W -0574
PERT. R/O 0.147 0.648 0.530 0.032 sm=12 | s 0198
REF (R/F/ROI] 2.0 18 3.24 161 SU -0.058
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6.3.7 ETLF, EVAPOTRANSPIRATION LOSS FACTOR

ETLF is an index used to estimate the maximum rate of evapotranspiration
which could occur within the watershed under current conditions of soil
moisture content. This maximum rate is then used to estimate current actual
evapotranspiration. A higher value of ETLF should be used for watersheds
containing many large trees because transpiration will continue from trees
tong after more shallow rooted vegetation withers. The parameter ETLF
logically relates to verland slope and forest cover. Forest cover enters
because trees are the primary deep rooted plants able to keep transpiration
continuing during long dry periods, and slope enters because moisture would
normally drain faster by gravity from steeper slopes and thus be available
for a lesser time to plants for transpiration. Watersheds with steep slopes
are also mare likely to have large areas in shaded north slopes where evapo-
ration rates are lower.

The parameter ETLF can be indirectly obtainable from land-use classi-
fication after a good relationship between slope and forest cover to ETLF
is established. It is presently quantified by calibration and manual adjust-
ment.

Sensitivity analysis _results indicate that ETLF is influential throughout
the year, but during summer flows and low flows it is very sensitive. The
average unit sensitivity is 0.14 for the fall seasons and 1.03 for the summer
seasons. Results are shown in Tables 6-66 through 6-75 and Figure 6-18.

6-92



TABLE 666

SENSITIVITY ANALYSIS OF  eTLF 020 EVAPOTS RA’FS;IE,F?:B.Z%:J“I'\! NET = 24.24 IN
SMALL WATERSHED 365 50. KM . OTRANS =24
> TOTAL OBSERVED ANNUAL R/O = 21.38 IN
- SIGNIFICANT STORMS
A% . 9/27/64
RUN PARAN PERTUR. OUTPUT 11/4/63 1/23/64 5/1/64 8/14/64 LOW ANNUAL
D VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER
A% OF R/O +24.8 +1.6 +35 ——— — —
Do3s 0.001 —100 STORM R/F 313 3.19 2.87 2.16 STORM U/S
REF.RIO (N)| 075 231 194 0.265 pepozg | [ 0%
o° w —0.018
leerT. R0 ony| 022 2,35 2.01 —_ SM=—— | o _0035
REF {R/F/R/0I 17.9 1,328 1.47 8.3 su T
A% OF R/O +2.4 +0.4 +1.1 +89.7 +43.0 +4.68
STORM R/F 313 3.19 2.87 2.16 STORM U/5
5037 0.10 —50 A F-0.188
AEF.R/0 (IN)] 0478 2.31 19 0.255 REF=79 |w —0.008
PERT. R/0 (IN}|  0.19 2.32 1.98 0.48 SIM=113 1 o _e022
REF (R/FMR/OY] 179 1.38 1.47 8.3 su —1794
A% OF RO 5.9 —0.2 —0.4 —30.2 —20.3 —2.47
$TORM R/F 313 319 2.87 2.16 STORM W/S
g . F+0.118
REF. R/O {IN . ) 1.94 0.255
5038 0.30 +50 AL 2 REF=79 (W 10004
PERT.R/O (IN)[  0.17 2.31 1.93 0.18 5iM = - sp +0.008
REF (R/F/R/QI 17.9 1.38 1.47 83 Su +0.604
A% OF R/O -2.8 -4 —0.6 - e —
STORM R/F 113 319 2.87 216 STORMU/S
D033 0.40 +100 0,008
AEF.R/O (IN)| 0175 2.3t 1.04 0.255 B P
REF=79 | w _o.o08
PERT. R/O (IN] 0,18 2.30 1.93 - SiM = —— s —0.008
AEF {R/FRIOH  17.9 319 1.47 8.3 E .
A% OF R/O —16.6 -07 -14 J— _— ——
STORM R/F 313 1.38 287 2.16 STORM U/S
D040 1.0 +400 REF.R/O{IN}| 0.75 2.31 1.94 0.265 Foo-0.042
REF=7.9 | w _pooz
— SiM= __ -'
PEAT.RIO(N)| 0.5 2.30 182 ¢ D002
l 6-93 REF {R/F/R/O) 17.9 1.38 1.47 a3 SU -
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TABLE 6-87

ANNUAL R/F = 33.38 IN
SENSIT'VITY ANA LYSIS OF ETLF {0.30} EVAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 277 5Q. KM TOTAL OBSERVED ANNUAL R/O = 10,03 N
SIGNIFICANT STORMS
9/7/58
A% oUTPUT 10/18/57 4/21/58 5/10/58 8/3/58 LOW ANNUAL
PARAM PERTUR- FLOW cLOW
RUN 1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +1.6 +2.0 +0.8 +4.2 +113.3 +2.4
STORM R/F 2,99 0.0 178 1.09 STORM U/S
REF. R/Q (IN.)| 0033 0.029 0.916 0.043 rer-3q | F 00
AW16 0.15 —50 : - i L .‘ - sm=64 | w —0.040
PERT. R/Q {IN.) 0.033 0.040 0.923 0.045 5P —0.016
REF {R/F/R/O) 91 —_— 1.94 25 Su -0.084
A% OF R/O +.5 +0.7 +0.3 +1.2 +30.0 +0.77
STORM R(F 2.99 e.0 1.78 1.09 STORM U/S
AW17 0.225 —28 REF. R/O iN}| 0033 0.039 0.916 0.043 REF=30 | F -0.020
Sivi=39 | W .oopz8
[PERT. R/O {IN.) 0,033 0.040 0.919 0.044 s --0.012
REF (RIF/R/ON ot _— 1.94 25 sU -0.048
A% OF R/O ~0.3 -0.4 -0.2 -0.8 0.0 —0.43
STORM R/F 2,99 0.0 1.78 1.09 STORN U/S
—0.010
RW18 0.375 *% [rer.mriodN| o033 0.039 0.916 0.043 ReF-30 | F
Sim= 3.0 | W —0.016
PERT. R/O (IN.)|  0.032 0.039 0.915 0.043 S —0.008
REF (R/EMR/O)| o1 —_ 194 25 sU —0.024
A% OF R/O ~.5 -0.7 —-0.3 1.0 —20.0 —0.69
STORM R/F 200 " |. 00 178 1.09 STORMU/S
! F  -0.010
RW1a 045 *60 REF.R/O{IN)| 0033 0.039 0916 0.043 REF = 3.0
Sim=24 | W -—0.014
PERT. R/O (IN.)|  0.033 0.039 0514 0.042 SP —0.006
6-94 REF (RIERO ™ — 194 25 SU  -0.020
1,

44



: ‘ TABLE 688 _
SENSITIVITY ANALYSISOF  ervr 020 B PSP R ATION NET = 32.90 IN

REGIONAL WATERSHED 22,248 5Q. KM TOTAL OBSERVED ANNUAL R/D = 1541 1N
TORM -
SIGNIFICANT STORMS o/15/68
A%
AUN PARAM PERTUR- 10/28/67 1/21/68 5/9/68 8/11/68 LOW ANNUAL
] VALUE BATION OUTPUT FALL WINTER SPRING SUMMER FLOW FLOW
A% OF R/O +9.1 +B.3 +88 +79.3 +429.5 +18.7
A% OF oCT JaN APR AUG
MONTHLY R/0| +3.96 +12.62 +3.77 +106.6 STORMU/S
AW32 0.0 -100 F —009
: REF.R/0 (IN) | 0.009 0.980 0.487 0,064
REF=644 [w —0.083
PERT. R/Q (IN)| 0,11 1.08 0.53 0.1 sim=3810 | o 5086
e | 0ar 3.634 2.600 0.258 su—0.793
A% OF R/O 437 +32 422 +32.0 +152.2 +5.84
A% OF ocT JAN APR AUG
MONTHLY R/O| +1.68 +4.13 +0.88 +41.1 ] STORMU/S
REF.fi/0 (NI | 0.099 0.980 0.487 0.064 S F .0074
AW 34 0.10 — = W -0.069
—50 | PERT.R/D (ny| 0102 1011 0.498 0.085 sm=1624 | o
e T ean 3634 2.600 0.258 SU-0.640
A% OF R/Q 25 2.1 09 1.1 -41.6 -2.92
A% OF cT JAN APR AUG
Fw 33 0.30 o | MONTHLY rio| 1.3 -2.06 054 136 TORM uis
0,050
REF.R/0 0 | ooss | osso 0,487 0.064
REF - 644 |-W—0.042
PERT. R/ {INI| 0,006 0.960 0483 .| oos7 SIM= 376 | sP .0.018
pea R R 3.634 2600 0.253 su-0.222
4% OF RO 8.7 6.8 2.4 210 713 391
5% OF acT JAN APR AUG
RW 35 098 1375 MONTHLY R/o| -2:82 977 162 2558 STORM L/5
- F 0018
REF.R/0 (IN] | o.000 0.950 0.487 0,064
REF=g44 | W -0.018
PERT. R/O (iN}| 0.09 091 0.48 0.05 ° SIM= 185 | gp -0.006
§-95 Y a7y 3.634 2.600 0.258 SU-0.056
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TABLE 6-63
ANNUAL R/F =59.30 IN

SENSITIVITY ANALYSISOF  ETLr 020 A R o I NET - 40.28 IN

SUBWATERSHED NO. 1 2 526 50. KM TOTAL OBSERVED ANNUAL R/O = 19.63 IN
SIGNIFICANT STORMS
: A% 9/25/68
RUN PARAM PERTUR 4/26/68 18/68 LOW AMNNUAL
D VALUE BATION ouTPUT 10/15/87 1/8/88 8/18/ FLOW FLOW
FALL WINTER SPRING SUMMER
A% OF R/O +24.2 +15 +18.8 +249 +5735 +17.8
STORM R/F 2.16 1.91 3.49 2,79 STORMU/S
RW 32 0.0 M0 lger riogNd| 0045 1.609 0.749 0,059 aepos |50
Sim = 228 | W 0078
PEAT. R/O (N  0.08 1.73 0.80 0.20 P 0.188
REF (R/F/R/0) a8 1.18 4.65 465 SU 0,243
A% OF R/O +8.8 +2.9 T +as +105.5 +238.2 +2.08
STORM R/F 2.16 191 349 279 STORM U/S
RW 34 0.10 50 REF. RO N.F| 0045 1.600 0.749 '0.059 - F 0176
REF = 34 w -0.058
- SIM =115
PERT. R/O {IN.) 0.049 1.657 0.785 0.121 SP 0.006
REF (R/F/R/O} 48 118 4.65 465 SU 0.211
A% OF R/O 6.6 20 1.8 -36.2 50.0 -342
STORM R/F 2,16 191 3.49 2.79 STORMU/S
F -0.132
. N .| 1.609 A 0059
AW 33 030 150 REF. R/O (IN.) 0.045 0.749 REF=38 | oo
PERT.R/O (IN)  0.042 1.577 0.736 0.038 SIM=17 | o -0.036
REF {R/F/R/O} a8 118 4.65 465 5U -0.704
A% OF R/D 219 7.2 -4.7 -62.3 -79.4 -0.68
STORM R/F 2.16 1.91 3.49 279 STORMU/S
RW 35 0.95 +375 | per. A/ N 0.045 1.609 0.749 005 | nprogq |- 008
- w 0019
FERT. R/O (IN.) 0.03 1.49 0.7 0.02 sim = 7 s 0.013
6-96 REF {R/F/R/O) a8 1.18 4,65 465 SU -0.166




TABLE 870

SENSITIVIT © ETLF (0.20 ANNUAL R/F = 63.88 IN
SUBWATEASHED :D‘%NA;‘JSSQQH? F (0.20) EVAPOTRANSPIRATION NET = 37.42 IN
' - . TOTAL OBSERVED ANNUAL R/0 = 26.14 IN
b - SIGNIFICANT STORMS
' A% 9/2/6R
RUN ID PARAM PERTUR- OUTPUT 10/16/67 1/9/68 4/25/68 7/31/68 LOW ANNUAL
VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER
. A% OF R/O 14.7
W 22 00 100 +18.5 +2.9 +14.2 +162.5 +195.7 +
STORM R/F- 2.51 an 1.70 2.21 STORMU/S
F —0.195
REF. R/O{IN.]|  0.005 2170 0.521 0.117 N
REF=23 |y _q 020
PERT. RAOAN| 0.1 2.23 0.60 0.31 SIM= 88 | o 0942
REF (R/F/R/OY| 264 143 3.26 18.9 SU-1.625
RW 34 0.10 —50 4% OF R/O +8.4 1.2 +35 +56.4 +104.4 +5.38
STORM R/F 2.51 3.1 1.70 2,21 STORM U/S
REF.R/OUND [  0.005 2.170 0.521 0.117 B F -0.163
REF =23 W _0.024
PERT. R/O (IN.)] 0,103 2.196 0.539 0.184 Sm=4a1 o, _0.070
REF (R/F/R/O)| 264 1.43 3.28 18.9 Wu--1.308
A% OF R/O —6.1 —08 -1.3 —16.9 —30.4 —2.40
AW 33 0.30 +50
STORM R/F 251 3.1 1.70 2.21 STORM U/S
F -D0,122
REF.R/O(IN)]|  0.095 2.170 0521 0,117 Rengg o oo
SiM =
PERT. R/O (IN.)f  g,08B 2.152 0E1E6 0.009 SP _0.026
REF (R/F/R/OH 264 143 3.26 18.9 ’ SU-0.318
A%OF RO | -19.8 ~3.0 -33 -27.5 —56.5 -6.78
RW 36 0.95 +375
STORM R/F 251 31 1.70 221 STORM U/S
-1 F —0.053
REF.R/Q (IN.){  0.095 2170 0.521 0117 REF=23 |y _0008
PERT.R/O N o.08 2,11 050 0.08 SM=10 | o 000
6-97 REF {(R/F/RID}| 264 143 3.26 18.9 SU—0.074
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TABLE 671

' ANNUAL R/F = 48.24 IN
SENS|T|V|TY ANALYS IS OF ETLF {0.20) EVAPOTRANSPIRATION NET = 27.87 IN
SUBWATERSHED NO.5  1.064 50 KM TOTAL DBSERVED ANNUAL R/O = 22.36 IN

1
SIGNIFICANT STORMS 9/25/68
A% 10/15/67 1/9/68 4/25/68 8/13/68 Low ANNUAL
PARAM PERTUR- ouTPUT FLOW FLOW
RUN ID VALUE BATION EALL WINTER SPRING SUMMER
A%OFR/O | +28 +5.9 +7.1 +93.3 +825.0 +9.4
RW 32 0.0 —100
STORMR/F | 1.08 2.04 182 222 STORM U/S
REF. R/ (IN.)| 0.038 1.907 0.921 0.086 REF-4 | F -0028
SIM=37 | W -0D059
PERT. R/O (IN)  0.04 2,02 0.99 0.17 SP —0.071
REF (R/F/RIOI| 30 1.06 1.97 258 SU _pa33
A%OFR/IO | +1. , . +20, +225. +3,
W 34 010 s 1.2 +2.4 +1.4 205 225.0 3.29
STOAM R/F | 1.08 2.04 1.82 222 STORM U/S
REF. R/O (IN.Jf  0.036 1.907 0.921 0.086 REF-4 | F 002
SIM- 1 | W —0.048
PERT. R/O (IN.| 0.036 1.954 0.934 0.104 gp —0.028
REF (R/F/R/0)| 30 1.06 1.97 25.8 su -0.410
A%OFR/O | g —1.6 —06 —3.8 —25.0 ~1.80
RW 23 0.30 +50 STORMR/F | 1.08 2.04 182 222 STOAM /5
REF. R/O (IN)| 0.036 1.907 0.921 0.086 REF=4 |F 0018
SIM= 3 w 0032
PERT. R/OlIN)|  0.036 1876 0.918 0.083 8P —0.012
REF (R/F/R/O)] 30 1.06 1.97 25.8 su —0.976
a%oFR/0 | -2 w5, 1. ] -50, -5
AW 35 095 375 2.9 5.8 1.6 —6.5 50.0 5.72
: STORMR/F | 1.08 2.04 1.82 2.22 STORM U/S
REF. R/O (IN.}]| 0.038 1.907 0.921 0.086 REF=4 |F —0008
siM=2 |w -0015
PERT. R/O {IN.} 0.03 1.80 081 0.08 sP 0,004
5-98 REF IR/FfR/OY| 30 1.06 197 258 su ~0.017
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TABLE 672
ANNUAL R/F =50.93 IN

_SENSITIVITY ANALYSIS OF €TLF (020 EVAPOTRANSPIRATION NET = 33.02 IN
SUBWATERSHED NO.7 1,111 5Q. KM TOTAL OBSERVED ANNUAL R/D = 18.28 IN
SIGNIFICANT STORMS o/30/68
A% a ANNUAL
PARAM SeRTUR- OUTPUT 10/15/67 1/8/68 /26/68 8/14/68 lﬁfgw ANNU
RUN (D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +30.9 +10.3 +11.8 +386.7 +270.0 +18.9
STORM R/F 158 2.76 1.02 2.95 STORM U/S
RW 32 0.0 =100 REF. R/Q {IN.) 0.029 1.557 0.610 0.127 ReF=a4g | F 0309
SiM= 148 | w  —0.103
PERT. R/C {IN.)| 0.04 1.72 0.68 0.62 S 0119
REF {R/F/R/O) 64.5 1.77 314 232 5U -3.867
A% OF R/C +14.6 +37 +2.7 +126.1 +125.0 +7.35
STORM R/F 1.58 2.76 192 2.95 STORM U/S
RW 24 0.10 - 50 REF. R/O(IN.}] 0.029 1.567 0.610 0127 Rer-=ap | F 0292
SIM=80 |w .0.074
PERT. R/O (IN.)|  0.034 1.615 0.626 0.287 S _0.054
REF (R/F/R/C)| 646 177 3.14 23.2 SuU -0.522
A% QF R/O -86 23 .13 -394 -40.0 -3.65
STORM R/F 1.58 276 192 2.95 STORM U/S
RW 33 .30 + 50 REF.R/OIN}| 0.028 1.557 0.510 0127 T
SIM = 24 W -D.046
PERT. R/O (N 0.027 1521 0.602 0,077 S -0.026
REF (R/FfR/O01] 545 1.77 314 23.2 su -0.788
A% OF R/O 210 6.2 -3.0 -735 825 -8.63
STORM R/F 1568 2.76 192 2,95 STORM U/S
RW 35 0.85 +375 REF.R/O(IN)| 0.028 1557 0,610 0.127 ReF=40 | 008
SM= 7 w -0.017
PERT. R/O N[ 0.02 1.46 0.59 0.03 SP -0.008
£-99 REF (R/F/R/OI| 545 177 314 23.2 5U -0.196
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TABLE 6-73

ANNUAL R/F = 35.81 N
SENSITIVITY ANALYSIS OF  ETLF o200 EVAPOTRANSPIRATION NET = 26.35 IN
SUBWATERSHED NO, 11 2,551 §0. KM TOTAL OBSERVED ANNUAL R/O = 12.82 IN
SIGNIFICANT STORMS
. 9/14/68
A% 7 8 8 Low ANNUAL
param | sERTUR. OUTPUT 10/28/6 1/8/68 5/8/68 8/20/6 Low ARNNU
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +39 +11.7 77 +44.3 +444.4 +12.3
STORMRI/F 1.35 1.37 1.91 0.50 STORM U/S
RW 32 0.0 =100 REF. R/O (iN.)|  0.150 0.763 0.588 0.031 REF=9 | ' -0.039
SiM= 49 | w -0.117
PERT. R/O {IN)| 0.6 0.86 0.63 0.05 s -0.077
REF {R/F/R/O} 0.0 1.8 3.24 16.1 sU -0.443
A% OF R/O +1.6 +4.2 +1.9 +17.7 +144.4 +4.17
STORM R/F 1.35 1.37 191 0.50 STORM U/S
RW 34 0.10 - 50 REE. R/O (1N} 0150 0.769 0.588 0.031 REF-g | T -0:032
sm=22 | W -0084
PERT. R/O (1M} 0.163 0.802 0.599 0.037 SP -0.038
REF (R/F/R/O)] 9.0 1.8 3.24 16.1 SU .0.354
A% OF R/O 0.9 26 -0.8 -5.9 -22.2 -2.33
STORM R/F 1.35 1.37 1.91 0.50 STORM U/S
RW 33 0.30 + B0 REE. R/O(IN.)| 0150 0.769 0.588 0.031 REF=g | F 0018
sIM=7 |w _ops2
PERT. R/O (IN.Y 0,149 0.750 0582 0.029 P 0018
REF (R/F/R/Q)| 80 1.3 3.24 16.1 sU -0.118
4% OF R/O -2.0 -69 -2.1 -11.7 -44.4 -5.89
STORM R/F 1.35 1.37 1.91 0.50 STORMU/S
AW 35 0.05 +375 REF. RO (N.)|  0.350 0.769 0.588 0.031 peF=g |f 0005
SIM=5 W 0018
PERT. R/O (IN.) 0,15 072 .58 0.03 SP  -0.006
€-100 REF {R/F/R/0)| 90 1.8 3.24 16.1 su -0.031
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TABLE 674
SENSITIVITY ANALYSIS OF

SMALL, SNOW & REGIONAL WATERSHEDS

ETLF +50% PERTURBATION (0.20 —0.30)

SIGNIFICANT STORMS
AREA EPAET Low ANNUAL
WATERSHED| sq, k) (1N OuTRUT FLOW FLOW
FALL WINTER SPRING SUMMER
F;é'JN ID 4% OF R/O 5.9 02 0.4 -30.2 -20.3 2.7
38
sToRmR/F | 1463 123764 Siies 814/64 9/27/64 | STORMU/S
F +0.118
0.175 2.3 1.94 0.255 REF =79
SMALL 365 45 REF. R/O W +0.008
PERT. R/O 017 231 1.93 0.18 8IM=63 [ gp +0.008
REF (R/F/R/OY] 179 1.38 1.47 8.3 §U +0.604
RUN 10 4% OF R/O -0.5 0.7 -0.3 -10 -20.0 -0.69
19
STORMR/F | JOABS7 | 4/21/58 BI0/58 | BIS8 | oi7me STORM U/S
SNOW 277 22 REF. R/O 0.033 0.029 0.916 0.043 meF=3g | F 0010
W -0.014
PERT. R/O 0.033 0.039 0.914 0.043 SIM=24 | sp _gp06
REF {R/F/R/O) a1 —— 1.94 25 SU -6.020
RUN ID 4% OF R/O 25 21 09 114 415 292
AW 33 A% OF act 1AM APR AUG
MONTHLY R0l 113 208 054 aag 9/15/68 srogw; :ofs
AEGIONAL | 22,248 a REF. R/D 0.099 0.980 0.487 0.064 REF=644 | F '0'042
w -0
PERT. R/O 0.096 0.960 0.483 0.057 SIM=376 | gp 0018
REF. MONTH - SU -0.222
R 0177 3.634 2,600 0.258
RUN 1D A% OF R/O -6.6 -2.0 -1.8 -352 -50.0 -343
RW 33
10/15/67 1/8/68 4/26/68 8/18/68
sus. STORM R/F 316 Yot 349 79 9/25/68 STORMU/S
WATERSHED| 2,326 50 REF. R/O 0.045 1.509 0.749 0.059 REF-34 | F 0132
NO. W -0.04D
1 PERT. R/O 0.042 1577 0.726 0.038 siM=17 | g _po3s
REF (R/F/R/0} a8 118 4.65 46.5 SU -0.704
RUN ID A%OFR/Q | -6.1 -08 13 16,9 -30.4 -2.40
RW 33
srommmr | QIS | Jome | 4 | T | onme | srommus
WATERSHED|  gq3 50 REF. R/O 0.085 2,170 0.521 0.117 REF=23 | F -0122
W -0.016
3 PERT. R/O 0.089 2.152 0.515 0.099 SIM=16 | cp ogoe
REF (R/F/R/O)| 264 143 3.26 18.9 SU -0.318
RUN ID A% OF R/O -9 -18 06 -3.38 -26.0 -1.80
AW 33
10/15/67 178768 a/25/c8 8/13/68
SUB. STORM R/F 108 s oq pif 32y 9/29/58 STORMU/S
WATERSHED| | g5 37 REF., R/O 0.036 1907 0.921 0.086 peF=a4 | F 0018
NE?- _ W -0.032
PERT. R/O 0.036 1.876 0,916 0.083 Sim=3 SP -0.012
REF (R/F/R/O}| 30 1,06 197 2548 su -0.078
RUN 1D A% OF R/Q -B.6 -2.3 -1.3 -39.4 -40.0 -3.65
AW 33
10/15/67 1/8/68 4/26/68 B/14/68
ous. stormrer | Y0 276 Tas g 9/30/68 | STORMU/S
WATERSHED| 4 g1 a0 REF. R/O 0.029 1557 0.610 0.127 ReF-ag | T 9172
W -0.046
7 PERT.R/Q 0.027 1.521 0.602 0.077 SIM = 24 SP -0.026
REF (R/F/R/AOIf 545 177 314 23.2 su -0.788
RUN ID A% OF R/Q -08 -2.6 0.8 -5.9 -22.2 -2.33
RW 33 10/28/67 1/3/68 5/8/68 8/20/69
“UB. STORM R/F T s 21 0.50 8/14/68 STORM U/S
WATERSHED} 3559 30 REF.R/D 0.150 0.769 0.588 .02 REF -9 F 0018
'\11(1)- W 0052
PEAT. R/O 0.149 0.750 0.583 0.029 Sim=7 5P -0.015
REF (R/FR/O) 9.0 1.8 3.24 16.1 sU -0.118
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SENSITIVITY ANALYSIS OF
SMALL, SNOW & REGIONAL WATERSHEDS

ETLF -50% PERTURBATION (0.20 — 0.30)

TABLE 875

SIGNIFICANT STORMS
AREA EPAET Low ANNUAL
WATERSHED| (50 km) (1) ouTPUT Flow | FLow
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O +9.4 +0.4 +1.1 +89.7 +43.0 +4.68
5037
11/4/63 1723764 5/1/64 B/14/64
sTormR/F | 313 e s gy 9/27/64 STORM U/S
SMALL 266 45 REF. R/O 0.175 231 1.98 0.255 REF=78 |F 0188
W -0.008
PERT. R/O 0.19 232 1.96 0.48 siM=11.3 | oo 9020
REF (R/F/R/O)| 179 1.38 147 8.3 sU -1.794
RUN ID A% OF R/O +1.6 +2.0 +0.8 +4.2 +113.3 +2.4
10018/57 | 4/21/58 5/10/58 8/13/58
STORMR/F | 3% e Y Bl 9/7/58 STORM U/S
SNOW 277 32 REF.R/O 0.033 0.039 0.918 0.043 pefF=39 | F "00%
W -0.040
PERT.R/O 0.033 0.040 0923 0.045 SiM=64 | s -0.016
REF (R/F/R/0Y o1 — 194 2% SU -0.084
RUN ID A% OF R/O +37 +3.2 +2.2 +32.0 +152.2 +6.84
RW 34 A% OF ocT JAN APR AUG
MONTHLY R/O[ _ +1.60 +4.73 +0.88 +41.1 9/15/68 STOAMU/S
REGIONAL | 22,248 4 REF. R/O 0.099 0.980 0.487 0.064 REF-g4q | F -0.074
- W -0.064
PERT. R/0 0.102 101 0.498 0.085 SIM= 1624 gp 0044
REF. MONTH- -
REF M 0177 3.634 2,500 0.258 su -0.640
RUN ID A% OF R/Q +8.8 +2.9 +4.8 +1055 +238.2 +7.86
RW 34
10/15/67 1/8/68 4726168 8/18/66
U, stoRmp/F | E Yo s 579 9/25/68 STORM /S
WAT:“SHED 2,326 50 REF. R/O 0.045 1.609 0.749 0.059 rREF=34 | F -0.%76
1‘1 W -0.058
PERT. R/O 0.049 1.657 0.785 0121’ SIM= 116 | 5p _poge
REF (R/F/R/O} 48 1.18 465 465 SU -0.21%
RUN 1D A% OF R/O +8.4 +1.2 +35 +56.4 +104.4 45,38 !
RW 34 1 1
srorw e | SFE | T | OO | I | oaee | srowus
WATERSHED|  g4g 50 REF.R/0 0.095 2.170 0521 0.117 REF=23 | F 0188
N:?. W -0D024
PERT. R/O 0.103 2.196 0.539 0.184 siM=47 | so 5070
REF {R/F/R/0}| 264 1.43 3.26 18.9 SU -1.308
an;;; iD A% OF R/O +1.2 +24 +1.4 +20.6 +225.0 +3.20
10/15/67 1/9/64 4/25/68 8/13/68
SUR. sToamRr/e | 0 2o H 5 9/29/68 STORM U/S
AT o TERL 1,088 37 REF. R/O 0.036 1.907 0.921 0,086 REF=q | T ~0024
5 W -0.048
i PERT. R/Q 0.036 1.954 1.934 0.104 SiMm= 13 sp -0.028
REF (R/F/R/Q)| 30 1.06 197 25.8 sU -0.410
(RN 1o A% QF R/O +14.8 +37 +27 +126.1 +125.0 +7.35
1015767 T7a/e8 4 B
SUB- sToRMR/F | Y 2.76 Tz Zos | omuee | sToRMuss
WATESSHED 111 40 REF. R/O 0.029 1557 0.610 0.127 REF=ap | F 022
7 ’ W -0.074
PERT. R/O 0.034 1.615 0.626 0.287 SIM = 90 SP -D.054
REF (R/F/R/O)] 545 1.77 314 232 su -2.522
nTvUQJz; D A% OF R/O +1.6 +4.2 +1.9 +17.7 +134.0 +4.17
10 1/8/68
suB. SToRMR/E | 1D/28/67 | /8 si/s8 8/20/68 1 opaes | sTORMUIS
WATE .
RSHED| 2561 a0 REF. R/D 0150 0.769 0.588 0.031 ReF=9 | F T00%2
" W -0.084
PERT. R/Q 0.153 0.802 0599 0.037 Sim = 22 sp -0.038
REF (R/F/R/0)] 9.0 18 324 16.1 SU -0.354
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Figure §-18. Evabotranspfmﬁan Loss Factor Study, Summer Storms



6.3.8 SIAC, SEASONAL INFILTRATION ADJUSTMENT FACTOR

SIAC is an index to adjust infiltration rates for seasonal variation.
It logically varies with seasonal variation in vegetative cover. Growing
root systems and waste vegetative matter loosen the so0il surface and
growing plants take water from the soil and thereby cause fine soils to
more quickly dry and crack during dry periods.

The parameter SIAC can be indirectly obtainable from land-use
classification after a relationship of the type and density of vegetation
and forest covers are related to SIAC parameter. At present, it is
quantified by calibration and manual adjustment.

Sensitivity analysis shows that SIAC is most influential during the

winter season, when its average unit sensitivity is 0.11. Results
appear in Tables 6-76 through 6-86 and Figure 6-19.
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TABLE 6-76 ANNUAL R/F =58.23 IN

' SENSITIVITY ANALYSIS OF siac 0z EVAPOTRANSPIRATION NET = 24,24 IN

SMALL WATERSHED 36530. kM TOTAL OBSERVED ANNUAL R/O = 31.38 IN
SIGN{FICANT STORMS
A% - /27164
PARAM LOW ANNUAL
AUN FERTUR- 11/4/63 1/23/64 5/1/64 8/14/64
iy vaLUE | BATION ouTeuT FLOW FLOW
FALL WINTER SPAING SUMMER
A% OF R/O —2.88 -9.52 +1.55 _— e —
STORM R/F 313 319 2.87 2.16 STORM /S
0.001 -100 F 029
00%3 REF. R/O (IN) 0.175 2.31 104 0.255 REF =79 :g 095
StM=—— [W T
PERT.R/O M)  0.17 2,09 1.97 _— sp  —D.016
REF {R/F/R/O) 17.9 1.38 1.47 23 1
A% OF R/O 0.8 -8 +0.8 +3.9 —127 +0,01
5054 0.125 -50 STORM R/F 213 319 2.87 2.18 STORM U/S
F +0.016
AEF.R/O (N)| 0975 2.31 1.94 0.255 REF=79 |\  +0.096
PERT.R/O IN)| 017 2.20 195 0.27 SIM=78 | .. _cotws
su -0.078
REF (R/F/R/0} 17.9 1.38 1.47 B.3
4% OF R/C .8 .5 -0.38 -3.6 +2.53 ~0.01
a1 1 2.87 2.16 STORM U/S
— 0.375 50 STORM R/F 3 3.19
N) 0175 2.3 1.94 0.255 £ +0.016
REF.R/O N . . REF=79 |w 40090
PERT. RO (M) g8 242 192 0.25 R
—-0.072
REF (R/F/R/O} 17.9 1.38 1.47 8.3 su
A% OF R/O 0.0 +9.00 —1.55
STORM R/F 213 319 2.87 2.16 STORMU/S
DO56 050 +100 . 00
REF. R/O {IN) 0.175 23 1.94 0.255 REMFEM W +0.091
SIM = ——--
PERT. R/O {IN} 0.175 252 1.91 — s —0.015
REF (R/F/R/OY 179 3.19 1.47 8.3 su -
TABLE 6.77
SENSITIVITY ANALYSIS OF siac (0.42) ANNUAL R/F = 33.38 IN

EVAPOTRANSPIRATION NET = 18.79 IN

SNOW WATERSHED 277 50. KM TOTAL OBSERVED ANNUAL R/O = 10.03 IN
SIGNIFICANT STORMS
9/7/58
A% 10/18/57 4/21/58 5/10/58 8/3/5 L ANNUAL
PARAM PEATUR. [ OQUTPUT /58 fo FLOW
RUN 1D VALUE BATION FALL WINTER 5PRING SUMMER
4% OF R/O +0,2 -2.2 —17.8 +3.1 +3.33 ~0.59
122 0.0 ~100 STORM R/F 2.99 0.0 1.78 1.09 STORM /S
—0.002
REF.R/O ON)|  o0.032 0.033 0.916 0.043 REF-30 | F . gg
SiM=3.1 | w*0.022
PERT. R/O (INf  0.033 0.038 0.75 0.045 gp+0.178
; REF {R/F/R/O) 91 - 1.94 25 SU-0.031
A% OF R/O -0.2 +0.4 +18.0 -39 —6.67 +0.83
STORM R/F 2.99 0.0 1.78 1.89 '
123 0.84 +100 STOR“; ;;g
REE. R/O (IN.}|  0.033 0.039 0.916 0.043 Rep=30 | F %
sim=28 | w +0.004
PERT. R/O (N} g,0a3 0.039 1,081 0.041 sp  +0.180
6-105 REF {r/ERiO)| =1 _— 1.04 25 sy —0.039
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TABLE 8-78
ANNLUAL R/F = 41,89 IN

SENSITIVITY ANALYSIS OF siac (0.0 EVAPOTRANSPIRATION NET = 32,90 IN
REGIONAL WATERSHED 22,248 5Q. KM . TOTAL DBSERVED ANNUAL R/O = 15.41 IN
TORMS
SIGNIFICANT STO 9/15/68
A%
AUN param | pERTUR. 10/28/67 1/21/68 5/9/68 8/11/68 LoW ANNUAL
D VALUE BATION OuTPUT FALL WINTER SPRING SUMMER FLOW FLOW
A% OF R/O +0.1 -8.0 +8.1 22 +7.30 —0.89
A% QF cT JAN AFR AUG
N montHLy rio] 08 —4.4 -1.50 +2.10 STORMLI/S
-0.001
Rwas 0.001 -1 | ger.p/o o | o0.0se 0.980 0.487 0.064 F o080
REF=64a |w *0
PERT.A/O {IN}f 0.10 0.90 052 0.07 SIM = 691 | gp —0.081
REF T | 07 3.634 2.600 0,258 U —0.022
A% OF RIO +0.1 —a4 +3.3 1.2 +3.57 0,49
A% OF GcT JAN APR AUG
AW46 0.30 ~50 MONTHLY R/0] 00 —242 ~0.85 +1.55 STORMU/S
REF.R/O (N1 | 0.009 0.980 0.487 0.064 F —DO02
- REF =644 |w +0.088
PERT. R/0 (V)| 0.10 0.94 0.50 0.06 SIM = B67- | o _0.066
ety T 07 3.634 2,600 0.258 5uU —b.024
A% OF R/O +0.1 +a.7 3.5 —1.3 —3.26 +0.56
A% OF ocT JAN APR AUG
MONTHLY R/} 0.0 +2.67 +0.85 —1.55 STORM /S
RWAS 0.90 +50 PP " o7 - Fo+0.002
REE. R/G (IN} | 0.099 0.9 0.4 0.0
REF=gaa | W 10034
PERT. R/O (INIf ¢ 40 1.0 0.47 0.06 M= 623 | gp —0.070
RO 2634 2.600 0.258 Su ~0.028
TABLE 679
ANNUAL R/F =59.30 IN
SENSITIVITY ANALYSIS OF siac {0.60) EVAPOTRANSPIRATION NET = 40.29 IN
SUBWATERSHED NO. 1 2326 50 KM TOTAL OBSERVED ANNUAL R/O = 19.63 IN
SIGNIFICANT STORMS
A% 9/25/68
RUN PARAM PERTUR Low ANNUAL
=]
o VALUE BATION OUTPUT 10/15/67 1/8/68 4/26/68 8/18/68 FLOW FLOW
FALL WINTER SPRING SUMMER
A% OF R/O 0.0 ~145 5.7 +2.1 +2.94 —-0.77
RWAT p.001 ~100 .
STORM R/F 2.16 1.91 349 2.79 STORMU/S
F o0
REF. R/O{IN.) 0.045 1.609 0.749 0.069 REF = 34
- 35 | W 0145
PERT. R/OIN| g4 1.38 0.79 0.06 sp -0.057
REF {R/F/R/O) 48 1.18 4.65 46.5 sy -0.031
A% OF R/O 0.0 -85 +35 +1.8 +2.94 —0.44
AWAS 0.30 . STORM R/F 2.16 191 3.49 2.79 STORM U/S
REF. R/O {IN, ! ; ) Fowo
1) 0.045 1.609 0.749 0.059 ?Ew F- g ?, & o170
PERT.R/O (N o4 1,47 0.78 0.06 e —0.070
REF (R/F/R/O) 48 1.18 4.65 46.5 sU -0.036
4% QF R/D ‘0.0 +8.7 4.0 —2,2 ~5.98 +0.56
TORM R
RW45 0.90 +50 STORM R/F 218 181 349 279 STORM U/S
REF. R/O {IN. 045 1.609 059 F 080
{IN.) 0.04! 0.749 0 REF -34 W 074
TR SN = 32 '
PERT. R/OUIN| g4 1.76 072 0.08 s -0.080
6-106 REF (R/F/R/0) 43 1.18 4.65 46.5 su -0.044
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TABLE 8-80

SENSITIVITY ANALYSIS OF siac .60 ?\?ﬂ#&l’n’;ﬁsﬁgﬁla NET=37.42 N
SUBWATERSHED NO. . KM =37,
0.3 s13sQ.K TOTAL OBSERVED ANNUAL R/O = 26.14 IN
SIGNIFICANT STORMS
A% 9/2/68
AUNID | PARAM PERTUR- 10/15/87 1/9/68 4/25/68 7/31/68 LOW ANNUAL
VALUE BATION ouTAUT " FLOW FLOW
FALL WINTER SPRING SUMMER
4% OF R/O +0.8 -1.3 +4.3 +3.7 +4.35 —0.58
Rwi4d o.001 ~100 STORM R/F 2.51 311 1.70 2.21 STORM U/S
g —0.006
REF, . A 17 X L '
EF. R/O {IN.] 0.095 2170 0.521 6117 ReF=23 [\ 0113
PERT. R/O (1) 0.10 192 0.54 .12 M= e _oo0az
REF (R/F/R/O})| 264 1.43 2.26 189 su -0.037
4% OF RO +0.3 -63 +25 +1.8 0.0 -0.34
STORM R/F 251 an 170 2. STORMU/S
RW4G 0.30 -50 REF. RO (INM] 0,005 2.170 0.521 0.117 F -000s
SEF=T w0z
PERT. R/O N 010 202 053 0.12 M4 = s -~0.050
REF (R/F/R/OIf  26.4 143 3.28 18.9 wy —0.036
A% OF R/O -0.3 +6.3 -3 -18 0.0 +0.38
RWAS 090 +50 STORM R/F 2.51 n 170 21 STORM U/S
REF. R/O (N, 0.095 ) 052t 0. F -0.008
(IN.} 2170 112 REF=22 | W 10126
PERT. R/O (IN)[ 0,09 231 0.50 0.12 SmM=23 | o o062
REF (R/F/R/0)| 26.4 143 326 189 SuU -0.036
TABLE 681
ANNUAL R/F = 48.24 IN
SENSITIVITY ANALYSIS OF siAc (0.60) EVAPOTRANSPIRATION NET = 27.87 IN
SUBWATERSHED NO. B 1,064 0. KM TOTAL OBSERVED ANNUAL R/QO =22.36 IN
SIGNIFICANT STORMS 9/29/68
A% 10/15/67 1/9/68 4/25/68 B/13/66 Low ANNUAL
PARAM PERTUR- ouTPUT . FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O 0.0 —10.0 +6.0 +0.9 +25.0 (.70
Bwa4 0.001 —100 STORM R/F 1.08 2.04 1.82 2,22 STORM U/S
- F op
0.921 0.086 REF =4 !
REF. R/0 IN)|  0.036 1.807 REF=2 | o 0100
[PERT. R/O (IN.}] p.0a 1.72 0.98 0.09 sp -0.060
REF (R/F/R/01] 30 1.06 1.97 258 5u —0.009
A% OF R/O 0.0 48 +24 +0.5 +25.0 —035
STORM R/F 1.08 2.04 182 2.22 STORM /S
RWAG 0.30 ~50 ReF. R/o (N[ 0.036 1907 0021 0.086 ReF=a | 990
SM= 5 | W +0.006
PERT. R/O (IN.]  0.04 1.32 0.05 0.09 5p —0.068
—0.010
REF (R/F/R/O)| 30 1.06 1.97 25.8 su
A% OF R/O 0.0 +4.7 —4.2 -0.7 0.0 +0.48
STORM R/F 1.08 2.04 1.82 2.22 STORM U/S
Ras 0.90 +50 REF. R/O{IN)| 0038 1.907 6.921 0.088 Rer-4 |F 00
SIM =4 w  +0.094
PERT. R/O{IN)| 004 2.00 0.88 0.09 SP —0.084
6-107 REF (R/F/R/O)| 30 1.08 197 25.8 su -0.014
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TABLE 6-82
ANNUAL R/F = E0.93 IN

SENS'T‘VITY ANALYSIS OF saco.60) . EVAPOTRANSPIRATION NET = 33.02 IN
SUBWATERSHED NO.7 1,111 SQ. KM TOTAL OBSERVED ANNUAL R/O = 18.29 (N
SIGNIFICANT STORMS 9/30/68
A% PUT 10/15/67 1/8/68 4/26/68 a/14/68 Low ANNUAL
PARAM PERTUR- ouT FLOW Fl.OW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF RO +0.1 -12.2 +4.2 +1B2 +5.0 -1.09
STORM R/F 158 2.76 1.92 2.95 STORM U/$
F-0.001
' 0127 REF =40 '
Awas 0.001 -100 REF. R/O(IN.}| 0.020 1.557 0810 SM= 42 |w +0122
PERT. R/O IN.}}  0.03 137 0.64 0.15 SP 0042
REF (R/F/R/Q) 54.5 1.77 3.14 23.2 sU -0.182
A% OF R/O 0.0 5.2 +2.4 +8.1 425 -0.61
STORM R/F 158 2.76 1.92 2.95 STORM U/S
" F 00
RWAB . - 50 REF. R/O{INJ|  0.029 1.557 0.610 0127 REF = 40 .
wa 0.30 SiM= 41 w  +D.123
pERT. R/O (N 0.03 1.46 0.62 0.14 §P .0.048
REF (R/F/R/0I| 548 177 214 23.2 su -0.162
A% OF R/O +0.2 +6.8 -25 -6.3 -25 +0.63
STORM R/F 1.58 2.76 1.92 2.95 STORMU/S
rio 0Ny 002 1.567 0.610 0.127 ReF=ag | 100%
RW4S 0.90 + 50 REF. - .028 . - ‘ SIM=33 | W +D16
PERT. R/O{IN)]  0.03 165 0.59 012 SP -0.050
REF (R/F/R/Q)| 345 177 A 23.2 SU -0.126
TABLE 683
ANNUAL R/F = 35.81 IN
SENSITIVITY ANALYSIS OF  siac (0.60 EVAPOTRANSPIRATION NET = 2635 IN
SUBWATERSHED NO. 11 2,551 50, KM TOTAL OBSERVED ANNUAL R/O = 12.82 IN
SIGNIFICANT STORMS
9/14/68
PARAM fg,{;m,:,, QUTPUT 10/28/67 1/8/68 5/B/68 £/20/68 IF.%vw ?Esgut\.:m
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O 0.0 -7 5.2 +1.8 +11.1 -0.97
STORM R/F 1.35 1.37 1.01 0.50 STORM U/S
RWa4 06.001 -100 REF.R/O tIN| o150 0.769 0.588 0.031 rEF=9 |F 0O
sim= 10 | W +0.07%
PERT. R/O N 0.15 0.71 0.62 0.03 P -0.052
; REF {R/F/R/OQ) 9.0 1.8 3.24 16.1 SuU -0.018
g A% OF R/Q 0.0 -3.4 +2.8 +1.0 +11.11 -053
4 STORM R/F 1.35 1.37 1.91 0.50 STORMU/S
RW46 0.30 - 50 REF.R/O (nJ] 0150 0.769 0.528 0.031 REF=g |~ 00
siM= 10 | w +0.068
PERT. R/O (IN)| . 0.15 0.74 0.60 0.03 P -0.056
REF (R/F/R/OY 9.0 1.8 3.24 16.1 sSuU -0.020
A% OF R/O 0.0 +2.3 28 1.0 0.0 +0.59
STORM R/F 1.36 1.37 1.91 0.50 STORM U/S
RWAS 0.50 + 50 REF.R/O(IN.)| 0150 0.768 0.588 0.021 rer=g | F &0
SiM=9 | w +0.066
PERT. R/O {IN.) 0.15 0.79 0.67 0,03 SP —0.056
6-108 REF (R/F/R/OI] 9.0 18 3.24 18.1 SU -0.020
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TABLE 6-84

SENSiTIVITY ANALYSIS OF siac -100%PERTURBATION {0.25 — 0.60}

SMALL, SNOW & REGIONAL WATERSHEDS

SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED| (50’ kapy N ouTPUT ow ELOW
FALL WINTER SPRING SUMMER
RUN 1D A% OF R/O -2.86 -9.52 +1.66 - - -
D053
STORMR/F | La/e3 | 172364 Shiea 81484 | o764 | sTORMUYS
- * y * F+0.029
3 . 0.255 REF = 7.9
SMALL 65 45 REF. R/O 0.175 231 194 W +0.095
PERT. R/O 0.17 2.0 197 - $IM= — gp 0018
REF (R/F/R/O}] 178 138 147 8.3 v -
RUN ID A% OF R/O +0.2 -2.2 -17.8 +3.1 +3.33 -0.59
122
sToRmR/F | JWIBET | 421558 810/58 | 813/58 | 97758 STORM LI/S
y F -0.002
. ! REF =3.0
SNOW 277 32 REF. R/O 0.023 0.039 0.916 0.043 W +0.022
PERT. R/D 0,032 0.038 0.75 D.045 sim=31 | sp +0.178
‘ SU -0.031
REF {(R/F/R/O}| o - 1.94 25
RUN ID A%0FR/0 | +0a -80 +6.1 +2.2 +7.30 -0.89
AW44
4% OF ocT JAN APR AUG o
MONTHLY R/Q] 0.0 44 -1.50 +3.10 9/15/68 imz"";;’
REGIONAL 22,248 M REF. R/O 0.099 0.980 0.487 0.064 REF = 644 :
W +0.080
PERT. R/O 0,10 0.90 0.52 0.07 SiM= 631 | oo g g1
REF. MONTH- SU -0.022
Y 0.177 3.634 2.600 0.258
RUN ID asofFr/o | oo 145 +5.7 +3.1 +2.04 -0.77
RW44
10715/67 178168 4726768 B/18/68
SUB. sToRMR/E | D0 oot 349 270 9/25/68 im RM U/S
WATERSHED| 2,226 50 REF. R/O 0.045 1.600 0.749 0.059 REF =34 0.0
ND. W +0.145
1 PEAT. R/O 0.04 1.38 0.79 0.06 SIM= 35 | 5 5057
REF (R/F/R/O) 48 118 4.65 485 SU -0.031
RUN ID A%OFR/AQ | +086 -11.3 +4.3 +3.7 +4.35 058
RW44
STORM R/ | 10/1S/67 | 1/9/68 digojos | 23168 | gyp0 STORM U/S
SUB- : : : 2
WATERSHED |  gqg 50 REF. R/O 0.095 2170 0.521 0117 REF=23 | F 0008
NO. W +0.113
a PERT. R/O .10 1.92 054 0.12 SM=24 | o o043
REF (R/F/R/0)| 264 1.43 326 18.9 su -0.037
RUN ID 4% OF R/O 0.0 -10.0 +6.0 +0.9 +25.0 -0.70
RWa4
10/15/67 /9768 4/25/68 8/13/68
SUB. STORMR/F | 7ha 208 Ve i 9/29/68 STORM U/S
WATERSHED| 4 g4 37 REF. R/O 0,036 1.907 0.821 0.086 REF = 4 F 00
NO. W +0.100
5 PERT. R/O 0.04 172 0.8 0.08 SIM=5 5P -0.060
REF (R/F/R/0I| 30 1.06 197 258 su -0.009
RUN 1D A% OF R/O +0.1 122 +4.2 +18.2 +5.0 -1.09
RW44
o | WET | U | e | SR | s | sronmus
WATERSHED| 4 19 40 REF. R/O 0.029 1557 0.610 0.127 REF=49 | & 0001
”_f’- W 40,122
PERT. R/O 0.03 137 0.64 0.15 SIM=42 | o goa2
REF (R/F/R/0} 545 117 3.14 232 SU .0.182
RUN ID A% OF R/O 0.0 -7.1 +5.2 +1.8 +11.11 -0.97
RWA4 7
SUB. sToRM R/F | 10/28/67 | 1/i68 318,68 8/20/68 | ara/es | sToRMuUYS
WATERSHED| 3559 30 REF. R/O 0.150 0.769 0.588 0.031 REF =3 F 00
NO. W +0.071
n PERT. R/O 0.15 0.71 0.62 0.03 sim=10 | sp _0.052
REF {R/F/R/0}] 90 18 324 16.1 su -0.018
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SENSITIVITY ANALYSIS OF

SMALL, SNOW & REGIONAL WATERSHEDS

SIAC -50% PERTURBATION {0.26 — 0.60}

TABLE 6-86

SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED| (30 () ouTPUT FLOW FLOW
FALL WINTER SPRING SUMMER
RUN 1B A% OF R/O 0.8 48 +0.8 +39 -1.27 +0.01
5054
11/4/83 1/23/64 5/1/64 8/14/64
STORMR/F | 33 g g7 g 9/27/64 STORM U/S
F+0.016
REF. 0.175 23 194 0.255 REF=7.9
SMALL 365 45 R/ W r0.096
PERT. R/O 0.17 2.20 1.95 0.27 sim=78 [ g 0016
REF {R/F/RIO}] 17.9 1.38 147 8.3 sU -0.078
RUN ID A% OF R/O
T0ABET | 4/21/58 5/10/58 B/13/58
sTorMA/F | % 4 s B/ 9/7/58 STORM L/S
SNOW 217 32 REF. R/O 0.033 0.039 0916 0,043 REF = 3.0 uF\r
PERT. R/O StM = sp
u
REF (R/E/RIOY| 91 — 194 25 § 7
RUN ID A%0FR/0 | +01 Yy +33 +1.2 +3.57 -0.49
RV45
A% OF ocT JAN APR AUG
MONTHLY R/o] 0.0 _2.42 085 +1.55 815/68 | STORMU/S
REGIONAL | 22248 M REF. R/O 0.099 0.980 0.487 0.064 REF-Gaq | £ 0002 |
w +0,088 |
PERT. R/Q 0,10 0.84 0.50 0.06 SiM= 667 | gp _0.086
REF. MONTH- U -0.024
REF M 0.177 3.634 2.600 0.253
RUN 1D A%O0FRO | oo -85 +3.8 +1.8 +2.98 044 i
RW46 i
10/15/67 1/8/68 4/26/68 8/18/68
SUB. STORMR/F | 216 191 3.43 2.79 a/25/68 | STORMU;S |
WATERSHED| 2,326 50 REF, R/O 0.045 1.609 0.749 0.059 REF=34 | F 00
W 40,170
1 PERT. R/O 0.04 147 0.78 0.06 SIM=35 | g _gp70
REF (R/F/R/OY|  as 1.18 4.85 465 SU -0.038
R wién A%OF R/O | +03 63 +2.5 +1.8 0.0 -0.34
STORMR/E | 10715787 1/9/68 4/25/68 7/31/68 9/2/68 STORM U/
SUB. 251 311 1.70 2.21
WATERSHED| g4 50 REF. R/O 0.005 2170 0.521 0117 REF-23 | F 0008
. w +0,128
3 PERT, R/O 0.10 203 0.53 0.12 Sm=23 | sp -0.050
REF (R/E/R/O) 264 1.43 3.26 189 Su -0.038
RUN ID 4% OF R/O 0.0 -4.8 +34 +0.5 +25.0 036
RWA486
| 10716787 1/9/68 4/25/68 8/13/68
l SUB. STORMR/F | Yhg 2on N aa g 9/20/68 STORM /S
' WAT;SSH EDl 1,064 37 REF. R/O 0.036 1.007 0.921 0.086 REF -4 F oo
| W +0.086
: PERT. R/O 0.04 1.82 0.95 0.09 StM= & % 0088
% REF {R/F/R/O}| 30 1.06 197 258 5U -0.010
1 RUNID A%ODFER/IO | 00 62 +2.4 +8.1 425 - -0.61
RW4G
0715767 /8168 4/76/68 B/14/68
. SuB STORMR/F 158 2.76 1.42 2.95 8/30/68 STORM U/S
JWATERSHED | 4 49y 40 REF. R/O p.029 1,557 0.610 0.127 pEF=40 | F 990
NO. W +0.124
7 PERT. R/O 0.03 1.46 0.62 0.34 8IM = 41 SP -0.048
REF {R/F/R/O)| 545 1.77 214 23.2 U -0.162
RUN ID A% OF R/O 0.0 -3.4 +2.8 +1.0 +11.11 -0.53
RW4E
10/28/67 1/9/68 5/8/68 8/20/88
SUB. STORM R/F gz 137 To1 050 9/14/88 STORM U/S
WATERSHED| 5551 30 REF. R/O 0.150 0.764 0.588 0.031 REF =9 Foog
5 W +0.068
PERT. R/O 016 074 0.60 0.03 SIM=10 | gp -0.066
REF (R/EfA/OY] a0 18 3.24 16.1 su -0.020
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TABLE B-86
SIAC +60% PERTURBATION {0.25 — 0.60}

'SENSITIVITY ANALYSIS OF

SMALL, SNOW & REGIONAL WATERSHEDS

SIGNIFICANT STORMS
AREA EPAET Low ANNUAL
WATERSHED| (30, kM) (N} QUTRUT FLOW FLOW
FALL WINTER SPRING SUMMER
AUN ID A% OF R/O +0.8 w5 .| -08 .38 +253 001
T055
STORMR/F | 11/3/63 /23164 5/ ea 8/14/64 a/27/64 | STORMU/S
F +0.016
SMALL 365 45 REF. R/O 0.175 231 194 0.256 REF=7.0 0.0
W +0.080
PERT. R/ 0.18 242 1.92 0.25 sM=81 | g o018
REF {R/F/R/O)| 179 138 - 147 8.3 su -0.072
RUN ID A% OF R/O
STORMA(E | 3 ?;;B!S? 46%1 /58 ?ggfsa ?'(1}3158 ar1758 STORM U/S
SNOW 277 32 HEF.R/O 0.033 0.039 0.916 0.043 REF =3.0 :u
PERT. R/O §IM = 5P
REF (R/F/RIO} 91 — 1.04 25 su
RUN ID 4% OF RO +0.1 +47 35 a3 -3.28 +0,56
RW45
A% OF OoCT JAN “APR AUG
e Y o 67 R0.55 oy 9/15/68 STORM U/S
REGIONAL | 22,248 4 REE. R/O 0.099 0.980 0.487 0.064 REF =gag | F 10002
W +0.094
PERT. R/D 0.10 1,03 0.47 0.06 Sm=623 | op 0070
REF. MONTH - ’ su -0.026
LY R/O A YY) 3.634 2.600 0.258
RUI::E’ID A% OF R/O - 0.0 +8.7 -4.0 -22 5.88 +0.,56
RW. - -
10/15/67 1/8/68 2/26/68 8/18/68
suB- STORM R/E 218 v s 270 9/25/68 STORM U/S
WATERSHED| 2326 50 REF. R/O 0.045 1.600 0.749 0.059 Rep=34 | F OO0
NO. W +0.174
1 PERT. R/O 0.04 178 0.72 0.06 siM=32 | oo _ooao
REF (R/F/R/OI] 48 118 4.65 465 Su -0.044
:‘LNH;ISID A% OF R/O 0.3 +6.3 -3 18 0.0 +0.38
10/15/67 1/0/6a 4/25/68 7/31/68
“uE. STORMR/IF | 55y A HEH e 9/2/68 STORM U/S
WATERSHED|  gq3 50 REF. R/O 0.095 " 2170 0.521 0.117 REF=23 | D008
NO. W +0.128.
3 PERT. R/O ne9’ 2,31 0.50 012 sm=23 | < 0062
REF {R/F/R/OY| 264 143 . 326 18.9 su -0.036
:%Ndﬁln A% OF R/Q 0.0 } +4.7 4.2 «07 0.0 +0.48
STORMR/F | 10715767 [ - 1/9/68 4/25/68 8713768
SUB- 1.08 2.04 1.82 2.22 9/20/68 STOAMU/S
WAT&SSHED 1,064 a7 REF.R/Q 0.036 1.907 0.921 0.086 REF=4 Foo0
5 W +0.094
PERT. R/O 0.04 2.00 0.88 0.09 SIM= 4 P -0.084
REF (R/FfR/OI| 30 1.06 1.97 258, su -0.014
RUN 1D 4% OF R/O +0.2 +5.8 285 8.3 25 +0.63
RWAS
10/15/67 178/68 4/25/68 8/14/68
SUB. STORM R/F Py 276 b g 9/30/68 STORM U/S
WATERSHED| 1,111 a0 REF. R/O 0.029 1867 0.610 0.127 REFoag | F 10004
0. W +0.116
PERT. R/O 0.03 185 0.59 0.12 siM= 39 | o _gos0
REF {R/F/R/O) 54.5 1,77 314 23.2 sU 0,126
RUN ID A% OF RfO 0o +33 .28 -1.0 0.0 +0.59
RW4S
10/2B/67 i/8/68 5/8
suB. sToRm AfF | 10728 e 5/8/68 820/88 | onaes | sToRMUsS
WATEESHED 2551 30 REF. R/O 0.150 0.769 0588 0.03 REF =19 P00
TR W +0.086
PERT. R/O 0.18 0.79 057 0.03 siM=9 sP 0056
REF (RIFR/O)] 9.0 18 324 16.1 su -0.020
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{SIAC — SEASONAL INFILTRATION ADJUSTMENT
CONSTANTANDIRECTLY DOBTAINABLE
FROM LAND - USE CLASSIFICATION)

6 SMALL W/S AREA 365 0. KM
SNOW S/5 AREA 177 50, KM SENSITIVITY ANALYSIS RESULTS
REGIONAL W/S AREA 22,248 50, ¥M +1% VARIATION IN RUNOFF
5— SWS 1 AREA 2,326 50. KM
SWS 3 AREA 813 §@. KM INPUT
47 Sws3 e VARIABLE - - SEASONAL INFILTRATION
ADJUSTMENT CONSTANT
3 SWS 1
{A FUNCTION OF TYPE AND DENSITY OF
- 5 REGIONAL VEGETATION AND FOREST COVER}
w e VARIATION — —  —22%
5 : 1% RUNOFF +20%
=
=
@
o o
§ ; —1% RUNOFF REGIONAL
- SWS 3
SWS 1
3 SMALL
SNOW
4] —22%
+20%
75 p—
i ¥
== T T T 1
—100 —50 0 50 100

A% OF SEASONAL INFILTRATION

Fryure 6-18. Seasonal Infiltration Study, Summer Storms




6.3.9 BMIR, BASIC MAXIMUM INFILTRATION RATE

BMIR is the basic infiltration index used to control the rate of
infiltration. Since infiltration rate varies considerably from point
to point in a watershed and most runoff will be from points with smaller
rates, an average infiltration value is not appropriate for use in
watershed modeling. Instead a cimulative frequency distribution of
infiltration capacity is used in the model.

The distribution of moisture supply among surface detention, .
interflow detention and infiltration is assumed to be linear from
zero {equalled or exceeded by all points in the watershed) to a
maximum value (reached only at a single point in the watershed).
Hence, at times when moisture supply is larger, the fraction of new
moisture entering overland flow and interflow is larger because the
infiltration capacity of larger portions of the watershed is exceeded.

The parameter BMIR would 1ogica11y relate to the "A" horizon
permeabilitys the permeability of the surface layer of the watershed
s0il will most often influence the infiltration capacity of the water-
shed.

The parameter BMIR is important since it determines the basic
division between surface runoff and infiltration to interflow, soil
water, and ground water. As such it is influential in all seasons.

The average unit sensitivity is 0.20 during the winter seasons and 0.13
during the suymmer seasons. Results appear in Tables 6-87 through 6-96 and
Figure 6-20. ‘

The parameter can be inferred from Tand-use classification after a
relationship of soil associations, type and density of vegetation and
forest cover is related to BMIR. At present, the parameter is quantified
by calibration and manual adjustment.
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: TABLE 687
SENSITIVITY ANALYSIS OF BMmIR ({7.0) ANNUAL R/F = 58.23 IN

EVAPOTRANSPIRATION NET = 24.24 IN
SMALL WATERSHED 365 50. KM TOTAL OBSERVED ANNUAL R/D = 31.38 IN
. SIGNIFICANT STORMS ‘
A% 9/27/64
RUN PARAM [ perTUR- | o rput a3 | /2364 5/1/64 8/14/64 Low ANNUAL
D VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER |
A% OF R/C +1420.0 +36.6 +i4.4
STORM R/F 313 . 3.19 2.87 2.16 . STORM U/S
boss 0.001 _100 |REF.R/O (NI} 0175 23t 194 0.255 —— ‘:;:;’
- 7789w
PERT.R/O (IN)|  2.68 3.16 222 e | SIM= P 0144
REF (R/F/R/O}] 17.9 1.38 1.47 8.3 v —
A% OF R/Q +129.9 +13.4 +4.1 +32.8 —27.85 7 +1.71
L
STORM R/F 213 a9 287 - 2.16 STORM U/S
. g —2.598
5059 35 —60 REF.R/O {IN} 0175 2.3 1.94 0.255 REF=70 w —0.268
‘ _ Y 5IM = 5.7
a PERT.R/O {IN)|  0.40 262 2.02 0.34 SP — 0.082
REF (R/FRIOI] 179 138 1.47 . 3.3 SU—0.656
A% OF RO —26.5 -98.0 -3.3 -12.0 +13.92 —~ .65
sToRMR/F | 313 319 257 | 2. STORM U/S
] F - 0,530
) IN . ] 194 | 0255
5060 108 +50 REF.R/O (NI 01785 2.31 REF=79 |w —0160
. SiM= 9.0
PERT.R/O W] 013 21 187 022 S _ 0.085
REF (R/F/R/O} 17.9 1.38 1.47 8.3 SU-—-0.240
A% OF RO -37.14 —15.58 —6.19
STQRM R/F 313 3.19 2.87 2.16 i STORMU/S
D61 14.0 +100 | per g0 Ny 0175 231 1.94 0.255 ~ F -037
REF=7.9 | w -o0.156
SIM= —
PERT.R/C (NI 011 1.96 1.82 —_ S — 0.070
6-114 lt REF (RIF/RION 179 319 147 8.3 . U=

o —i14



o ' TABLE 688 ' o
SENSITIVITY ANALYSIS OF ein (o | EVAPOTRANSPIRATION NET = 1870 N

SNOW WATERSHED 7t SQ. KM TOTAL OBSEAVED ANNUAL R/Q = 10.03 IN
SIGNIFICANT STORMS
| . o/7/58
A% OUTPUT 10118167 a/21/58 s/wo/se | e/afse LOW ANNUAL
PARAM PERTUR- ‘ ELOW FLOW
RUN ID VALUE BATI_ON FALL WINTER SPRING . SUMMER
A% OF R/D +0.5 +6.8 +21.7 —-86 -18.67 +1.11
STORM R/F 299 0.0 178 1.08 STORM U/S
62 10.0 -50 REF. A/0 (N 0033 0.039 0.976 0.043 ReF=30 | F —0O0
stM= 25 | W ~0112
PERT. R/O (IN, 0.033 0.042 1470 0.040 SP - 0.558
REF (R/F/ROI[ @ — 104 % SU +0.132
A% OF R/O +0.2 +1.3 +8.5 -1.8 ~8.67 +0.29
STORM R/F 2.99 0.0 1.78 1.09 . STORM U/S
F _oa.0m0
- REF. R/O {IN.) 0.033 0.039 a.016 . 0.043 REF = 3.0 :
6 16.0 20 gim= 281 W - 0.065
PERT. R/O (IN.) 0,033 0.040 0.984 0.042 P — 0.425
REF {R/FRIOI| M — 1.94 %5 5U +0.090
4% OF R/O 0.0 -1.2 6.2 +1.2 0.0 -0.20
, STORM R/F 2,99 0.0 1.78 109" STORM U/S
64 24.0 +20 REF.R/O(NS]  0.023 0.039 p.916 0043 | Rer-a0|F ?°
: - - Sim= 30 | W -0.060
PERT. RIO(IN)|  0.033 0:038 0.859 0.044 8P -D310
REF (R/E/RIOY 91 —_ 1.94 75 SU +0.080
A% OF R/D " 06 -29 -126 +2.5 +3.3 - .37
STORM R/F 288 0.0 1.78 1.09 STORM U/S
F _
o 300 +50 REF. R/OIN| 0033 0.029 0.916 0.043 REF=3.0 o.010
. . - - SiM= 31 w - 0.058
' ) PERT. R/O (IN.) 0.032 D038 0.800 0,044 sp — 0,252
- sU ™ 0.060
6-115 . REF {R/F/R/O) 9t 1 - 1.94 25

(415



SENSITIVITY ANALYSIS OF smir20

REGIONAL WATERSHED 22,248 5Q. KM

TABLE 689

ANNUAL R/F = 41.89 IN x
EVAPOTRANSPIRATION NET ~ 32,90 IN
TOTAL DESERVED ANNUAL R/Q = 15.41 IN

!
)

SIGNIFICANT STORMS
9/15/68
A%
AUN param | peRTUR. 10/28/67 12168 &/9/68 8/11/68 Low ANNUAL
i VALUE | BATION OUTPUT FALL WINTER SPRING SUMMER FLOW FLOW
A% OF R/O +0.2 +9.0 -2z ~8.8 - -B.39 +1.79
A% OF ocT JAN APR AUG -
MONTHLY R/O 0.0 +4.71 +2.96 608 | STORML'S
RWS1 8.0 0 | REF.R/0 NI} 0009 0.980 0.487 0.064 F -000
— REF-6a4 | W -0.180
PERT. R/O {IN) 0.099 1.068 0.476 0.059 it - sp + 0,044
REF AR} 0am 2634 2,600 0.258 syt 0.132
3% OF R/O +0.1 +1.3 +0.3 -1.0 ~155 +0.26
3% OF oeT 1AN APR AUG - )
MONTHLY /0] 00 +0.74 +0.48 118 STORN U/S
- BRI
RWS0 0.8 W Rer R/ (N 0099 0.980 0.487 0.064 F ’
RNV RS b o] Rer=s4a | w -0130
PERT.R/O UINI| 010 0.99 0.48 0.06 SIM= 638 | o 30
e 0an 3634 2.600 0.258 SU+ 0.900
3% OF R/Q +0.1 -1.2 —0.3 +0.9 +1.40 0.2
A% OF OCT JAN APR AUG T e ]
MONTHLY R/0| 08 Y -0.42 +116 - STORM Urs
F o+ 0010
Awag 132 +10 REF.R/O (IN) | 0.099 0.980 0.487 0.064
| i . m BT AEr-eas | W - 0170
PERT. R/O 1IN})] 010 0.97 0.49 0.06 $iM = 652 | gp - D.030
REF. MO Y .
REEMONTMY L qar7 3634 2.600 0.258 Su+ 0.0%0
A% OF R/O +0.4 4.8 +0.5 +3.6 +8.06 - 0.76
% OF T :
MONTHLY R/ % 28% —"?.'Eg +§H§ STORMU/S
+0.008
RW49 18.0 +50 REF. R/ (0 | 0099 0.980 0.487 0.064 r
----- REF = gaq | W — 0098
PERT. R/Q (1IN} 0.089 0.932 0.490 0.056 SIM = 6B3 | gp+0.010
- REF. q
6-116 REFMONTHLY | 0477 3634 2.600 0.258 Syt 6.070

- b



E
TABLE &-50 ANNUAL R/F = 59.30 IN

SENSITIVITY ANALYSIS OF BMIR (10.0 EVAPOTRANSPIRATION NET - 40.29 IN
SUBWATERSHED NO. 1 2,326 50, KM TOTAL OBSERVED ANNUAL R/0 = 19.63 IN
SIGNIFICANT STORMS
: A% 9/25/68
RUN PARAM PERTUR 2/26/68 LOW ANNUAL
b VALUE BaTION OUTPUT 10/15/67 1/8/68 26/ 8/18/68 FLOW FLOW
FALL WINTER SPRING SUMMER
A% OF R/O +0.9 +17.2 +1.5 -10.1 -20.59 +1.30
STORM R/F 2.16 191 3.49 279 STORM U/S
F —0.018
RWS1 5.0 —50 REF. R/D (IN.} 0.045 1.609 0.749 0.059 REF=38 |\ _o3aa
SIM =
PERT. R/Q {IN.) 0.045 1.887 0,761 0.053 z gp — 0.030
REF (R/F/R/O)| 48 118 4.65 465 5U+0.202
A% OF R/O -0.5 +2.8 +0.2 -15 - 2,84 +0.19
STORM R/F 2.16 101 2.49 2.79 STORM W/S
i ) | £ +0.050
RWS0 9.0 REF. /0 (IN.) 0.045 1.609 0.749 0.059 REE = 3 43 o - 0.280
- i sm= 3
PERT. R/O (N 0.04 1.85 0.75 0.06 P — 0,020
REF (R/F/R/Q) 48 1.18 4,65 465 su+ 0.150
A% OF R/O —0.4° -26 —0.1 +1.3 +2.94 --D.14
STORM R/F 2.16 191 3.49 2.9 STORM U/S
F —po40
059
RWAS 1.0 +10 REF.R/O (IN.)| 0045 1.609 0.749 00 REF=34 |, —0,260
PERT.R/D{INJ| 004 157 0.75 0.0 sim = gp —0.010
REF {R/F/R/O) as 1.18 465 465 5u+0.130
A% OF B/O +1.9 -10.1 0.6 +55 +8.82 - 0.46
STORM R/F 2.16 1.91 349 279 STORMU/S
+0.038
RW4D 16.0 +50 F
REF. R/O (IN.) 0.045 1.609 0.749 0.058 REF=34 | —0.202
PERT. R/O 4N 0.0456 1.4473 0.7445 0.0619 SIM= 37 | o o2
6-117 REF (R/F/RIOI| 48 118 468 465 sy *+0.110

. b -1



"SENSITIVITY ANALYSIS OF ewir t10.0)

TABLE 681

ANNUAL R/F = 63.88 IN
EVAPOTRANSPIRATION NET = 37.42 IN

SUBWATERSHEDRNO.3  81380. KM TOTAL OBSERVED ANNUAL R/O = 26.14 IN
SIGNIFICANT STORMS
A% 9/2/68
RUN ID PARAM PERTUR- QUTPUT 10/15/67 1/9/68 4/25/68 7/31/68 LOW AMNNUAL
VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER
4% OF R/O +4.6 +0.6 +8.4 7.2 —17.39 +1.60
STORM R/F 251 an 1.70 2.21 STORM U/S
F —0.092
— 5.0 _B0 REF.R/OUN)| 0095 2170 0.521 0.117 Rer =23 |y —oasz
PERT. R/O (N 0.099 2377 0.565 0.109 stM= 12 | co—0.168
REF (R/F/R/O)|  26.4 1.43 3.26 18.9 St 0144
A% OF R/O +0.3 +1.5 +1.0 —-11 —4.356 +0.22
STORM R/F 251 311 1.70 2.21 STORM LI/S
F —0.030
— a0 _t0 REF. R/O(IN.J{ 0,005 2.170 0.521 0.117 ReF 23 |y —0150
PERT. R/O (I 010 2.20 052 012 St = sp— 0,100
REF {R/F/RiC)|  26.4 1.43 3.26 189 Wik 0.110
A% OF R/O ~0.3 -1.5 -0.8 +1.0 +4,35 —n21
STORM R/F 251 3N 1.70 2.21 STORM U/S
REF.R/O ()|  0.095 2170 0.521 0.117 F - 0030
RWAS 1.0 +10 : : X : : - REF=23 | _ o150
PERT.R/C )] 0.08 214 0.52 012 SIM=24 4 . _oo80
REF (R/F/R/OI] 26.4 1.43 2.26 18.9 80U+ 0.700
4% OF R/O -0.6 -6.0 -27 +4.2 +13.04 - 072
STORM R/F 251 3.1 1.70 221 STORM U/S
| F-0mz
RW4D 150 +50 REF.R/O (INJ|  0.085 2.170 0.521 0117 REF = SS o 0120
SIM =
PERT. R/O (NI 0.0943 2.0398 0.5069 01222 SP— 0.054
6-118 REF (R/F/R/Q) 26.4 143 3.26 189 Su+ 0.084

b-ug




TABLE 882 ANNUAL R/F = 48.24 IN

SENSITIVITY ANALYSIS OF suir (100 EVAPOTRANSPIRATION NET - 27.87 IN
SUBWATERSHED NO. 5 1,064 SQ. KM TOTAL OBSERVED ANNUAL R/O = 22.36 IN
SIGNIFICANT STORMS 0/20/68
A% 10/15/67 1/9/68 4/25/68 8/13/68 ANNUAL
PARAM PERTUR- OUTPUT o f2f ! ',;ng FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O —0.56 < 407 +1.9 -5.2 -25.0 + 167
STORMR/F | 108 2.04 1.82 2.22 STORM U/S
+ 0016
RWS1 5.0 -50 REF.R/O{INJ| 0,038 1,907 0.921 0.086 rer=4 | F
siM=3 |w —01984
PERT. R/O(IN)|  0.036 2.092 0.939 0.082 P — 0.038
REF (R/F/R/O)| 30 1.0 197 258 sy 0.104
A% OF R/O +0.1 +15 +04 -0.7 00 +0,18
STORMA/E | 108 2.04 1.82 2.22 STORM U/S
- 0.010
RWS0 9.0 -10 REF. R/O UN.)| 0.036 1.907 0.921 0.066 per=a | F
SIM= 4 w —0.150
PERT. R/O {IN.) 0.04 1.83 0.92 0.09 gp — 0.040
+ 0.070
REF (R/F/R/| 320 1.06 197 25.8 su
A% OF R/Q 0.0 -1.3 -03 +0.6 +25.0 —-0.14
STORMR/F | 108 204 1.82 2.22 STORM /S
©.0
AW4E 1.0 +10 REF.R/O (N} 0036 1.907 0.921 0.086 ReF=4 | F
SiM= S w —0130
PERT. R/O (IN.) 0.04 1.88 092 0.09 sp — 0.030
REF (R/FfR/N] 30 1.06 197 5.0 su+ 0.060
A% OF R/O +0.6 -8.4 -19 +2.4 +25.0 - 0.57
STORM R/F 1.08 204 1.82 2.22 STORM U/S
F +0.012
Rv49 15.0 +50 REF. R/O {IN.) 0.036 1.907 0.921 0.086 REF=4
S5IM= 5 w —0.128
PERT. R/O (IN.] 0,036 1.7844 0.9037 D.0882 sp — 0.038
+ 0.
6119 REF (R/F/R/0)| 30 1.08 197 258 sy+0.048

b-119



SENSITIVITY ANALYSIS OF BMIR{12.0)

TABLE 693

ANNUAL R/F =50.93 IN
EVAPOTRANSPIRATION NET = 33.02 IN

SUBWATERSHED NO.7 1,111 SQ. KM TOTAL OBSERVED ANNUAL R/O = 18.29 IN
-
SIGNIFICANT STORMS 0/30/68
A% 10/15/67 1/8/68 4/26/68 8/14/68 LOW ANNUAL
PARAM { PERTUR. [ OUTPUT o FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +2.4 +11.4 +13.3 +8.0 -15.0 +2.02
STORM R/F 1.58 276 1.92 2885 STORM U/S
RWS1 6.4 -50 REF.R/O (IN.}| 0.020 1557 0.610 0.127 REF =40 (F —0.048
SiM= 34 W —0.228
PFERT. R/D (LN ) 0.030 1.735 0.691 0.135 §p — 0.266
REF [R/F/R/0)| 545 177 3.14 23.2 su- 0120
A% OF R/O +0.5 7 +1.8 +0.2 -2.50 +0.28
STORM R/F 158 276 1.92 2.95 STORM U/S
RS0 108 ~10 REF.R/OUINJ| 0029 1.857 0.610 0.127 REF=4p | F —0050
SM= 39 |w 0170
PERT. R/O (\N.]  0.03 1.58 0.62 013 sp—0.180
REF (R/E/R/O)| 645 177 214 23.2 SU-0.020
A% OF R/O +0.3 -19 -1.6 0.0 +2.50 -0.29
STORMR/F | 158 278 1.92 2.95 STORMU/S
RW4B 13,2 +10 REF.R/C(INJ| 0020 1.557 0.610 0.127 REp=49 | F Y0030
Sim= 4 w —0.190
PERT. R/O{INJ| 0,03 163 0.80 013 gp — 0.160
REF {R/F/R/O) 54.5 177 32.14 23.2 SU oo
A% OF R/O +1.5 74 —a7 +0.1 +75 — 0.1
STORMR/F | 158 276 1.92 295 STORM U/S
£+ 0.030
AWag 18.0 +50 REF. R/O (In.}| D029 1.557 0.610 0.127 SHIﬁHF: ol
PERT. R/O (IN.) 0.0299 1.4412 0.581 01271 sP— 0.094
+0.002
£-120 REF (RIF/RIG) 545 177 3.4 23.2 su

b - 130



TABLE 654 ANNUAL R/F = 35.81 IN

SENSITIVITY ANALYSIS OF emiR (8.0 EVAPOTRANSPIRATION NET = 26.35 iN
SUBWATERSHED NO. 11 2,651 5Q. KM TOTAL OBSERVED ANNUAL R/O = 12,82 IN
SIGNIFICANT STORMS
- 9/14/68
A%
pARAM | PERTUR. OUTPUT 10/28/67 1/9/68 G/8/68 8/20/68 'Efgw ?II:JLI;-I‘}“JA L
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O —04 +4.0 +1.3 —-44 —11.1 +1.86
STORM R/F 1.38 1.37 181 0.50 STORM U/S
RWS1 4.0 -50 REF.R/O (IN)|  0.150 0.769 0.588 0.031 REF-9 | T 0008
- - SIM=8 w - 0.0BD
PERT. R/O (IN.  0.150 0.800 0.595 0.030 sp—0.026
REF {R/F/R/O) 9.0 1.8 3.24 16.1 SU+ 0.088
A% QF R/D -0.1 +0.8 +0.1 —-06 0.0 +0.26
STORM R/F 1.35 1.37 1 0.50 STORM L/S
RWED 7.2 —10 REF. R/0 (iN.}]| 0.150 0.769 0.588 0.031 REF~g | 10010
5M= g w—0.016
PERT. R/C (IN]  ©.15 0.78 0.59 0.03 S 0.010
REF {R/F/R/O} 9.0 1.8 3.24 181 SU + 0.060
4% OF R/D 0.0 -0.8 -0.2 +0.6 a0 -0
STORM R/F 1.39 1.37 1.9 0.50 STORM U/S
RWA43 8.8 +10 REF, R/O (INJ{  0.150 0.769 0.588 0.031 REg-a | F 0O
PERT. R/O {IN.} s=9 ' -008
. 3 0as 0.76 0.59 0.03 P — 0.020
REF (R/FfR/IO)| 9.0 18 3.24 18.1 SU+ 0.060
A% OF R/O +0.3 -38 -07 +2.2 +11.11 -0.82
STORM R/F 1.35 1.37 191 0.50 STORM U/S
RWA9 12.0 +50 REF. R/O (IN.} 0.150 0.769 0.588 0.031 REF =8 F +0.006
SM= 10 | W~ 0.072
PERT. R/O (N} 0.1508 0.7414 0.5835 0.0319 SP— 0014
6-121 REF (R/F/R/OY| 9.0 1.8 3.24 18.1 U+ 0.024

b-121



TABLE 6-9G

SENSITIVITY ANALYSIS OF MR .50% PERTURBATION {7.0 - 20.0)
SMALL, SNOW & REGIONAL WATERSHEDS
SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED| (50 km) (1N ouTPUT FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O +129.9 +134 +4.1 +328 -27.85 1.7
059 11/4/63 1723164 5/1/64 8/14/64
STORMR/F | 313 v Efch Y16 9/27/64 STORM U/S
F -2.508
0.175 231 1.94 0.255 REF = 7.9
SMALL 365 45 REF. R/O w -0.258
PERT. R/O 0.40 2.62 2.02 0.32 $M=5.7 | g _0.082
REF (R/F/R/0Y] 179 1.38 1.47 83 SU -0.665
RUN ID A% OF R/O +0.5 5.6 +27.7 8.6 -18.67 +1.11
62 STORM R/ ;%’;B!S? 46%1 758 SM0f8 ?ﬂga!ss o/7/68 sToRM U/S |
SNOW 277 32 REF. R/C 0.032 0.039 0.916 0.043 REF = 3.0 1; 0.010 "‘
o112
PERT. R/O 0.033 6.042 i.170 0.040 SIM =25 | sp .0.554
REF (R/FfR/DY] N —-— 1.94 » SU w0132
ARUN ID A% OF R/O +0.2 +9.0 2.2 5.5 -8.39 +1.79
51
A% OF ocT AN APR AUG
MONTHLY R/0] 0.0 +4.71 +2.96 6,08 9/15/68 STORM U/S
REGIONAL | 22,248 4 REF.R/Q 0.089 0.980 0.487 0.064 REE=6ad | 2"1"’4
w 0.180
PERT.R/O 0.008 1.068 0.476 0.059 SIM =590 | sp 40044
REF, MONTH- SU +0,132
REF. M 0.177 3.634 2.600 0.258 !;
RUN 1D 4% OF R/O +08 7.2 +1.5 -10.1 2058 +1.30 :
51 10/15/67 1/8/68 4/26/68 8/19/68
SuE. STORM R/F 216 Yo a0 279 9/25/68 STORM LI/S ;
WATERSHED| 2326 50 REF. R/O 0,045 1,609 0.749 0.069 REF=34 | F 0018
MO, w034
1 PERT.R/O 0.045 1.887 0,781 0.053 SIM=27 | g -0.030 i
REF (R/F/R/O)| 48 1.18 4.65 465 SU +0.202 ;I
RUN ID A%OFR/0 | a6 +9.6 8.4 72 A17.30 +1.60 |
51
STORM A/F | 10716767 17o7c 2725768 7/31768 - STORMUIS »
SUB- : 3 : :
WATERSHED | gq3 50 REF. R/D 0.095 2170 0.521 0.7 REF-z3 | F 0082
NOL w -0.192
3 PERT. R/O 0.099 2.377 0.565 0.109 sm=18 | o p1es o
i REF (R/F/R/0Y] 264 1.43 3.26 18.9 SU +0.144
i ngm D 4% OF R/O 08 +9.7 +1.8 52 250 +167 ;
3 :
10/15/67 172768 4125168 81378 y
L gue. STORMA/E | o Yoa e 5 a/29/68 sToRmurs !
{WATERSHED| 4 0gq 37 HEF. R/ 0.036 1.907 0.021 0.086 REF=4 | = 0016
i ”;" w 0194 !
i PERT. R/O 0.036 2.002 0.939 0.082 SiMm=3 SP 0.038
[ REF (R/F/R/OI] 30 106 197 258 SU +0.104
RN D A% OF R/D +24 +11.4 +13.3 +6.0 5.0 +2.02
1
un sromire | O | 8| g% | AR | s | stomus
[WATERSHEDT 4 199 40 REE.R/O 0,029 1.557 0.610 0.127 AEF=4n | F 0048
N7o. W -0.228
; PERT. R/D 0.030 1775 0.691 0.135 SIM=34 SP -0.266
i REF {R/F/R/0)] 545 1.77 3.4 232 SU -0.120
L
i RUNID A%OFR/O | -04 +4.0 +13 44 4111 +1.85
P
i 10/28767 1/a/68 5/8/68 8720768
SUB. STORM R/F v e o1 e 9/14/68 STORM U/S
WATERSHED] 2,851 30 REF. R/O 0.150 0.769 0.588 0.031 REF.g | [ 009
“1"13- W -0.080
PERT. R/O 0.150 0.800 0.595 0.030 SIM =8 SP 0.026
L REF{R/F/R/OY 9.0 18 324 6.1 SU +0.088

6-122



SMALL, SNOW B REGIONAL WATERSHEDS

. TABLE 898
SENSITIVITY ANALYSIS OF sMiR +50% PERTURBATION (7.0 - 20.0)

SIGNIFICANT STORMS
AREA EFAET LOW ANNUAL
WATERSHED | 0 kmy 1INy OUTPUT FLOW FLow
. FALL WINTER SPRING SUMMER
RUN 1D 4% OF R/O -26.5 80 3.3 -12.0 +13.92 .65
. a
S0 60 sTORMR/F | L1/afea | 172368 S/ijea | 814584 1 giz7ies | STORMUSS
F 0530
: 94 0.255 REF = 7.9
SMALL 365 a5 REF. R/O 0.175 231 19 W 0.180
PERT. R/Q 0.13 21 167 022 sim-90 | g o088
REF (R/F/R/O)| 178 1,38 1.47 2.3 sU -0.240
RUN ID A% OF R/O 0.5 29 12,6 +2.5 +3.3 -0.37
65
sTORMR/F | J018/57 | 4/21/58 S10/58 1 83758 | 917/58 STORM U/S
- - F 0010
916 . ! REF = 3.0
SNOW 277 32 REF. R/O 0.033 0.039 0916 0.043 B
PERT. R/C 0.032 0.038 0.800° 0.044 siM= 31 | gp 0252
; SU  -0.050
REF (R/F/R/OI] 91 —_— 1.94 %
RUN ID A% OF RO +0.4 49 +0.5 +35 +6.06 0.76
AW 49 A% OF oeT AN APR AUG
MONTHLY R/o| 0.0 2,70 169 - +3:88 virs/e iTORM UU/ :
REGIONAL | 22,248 4 REF. R/O 0.009 0.980 0.487 0.084 REF =644 | ’:’;}”9 .
PERT. R/D 0:099. ‘0032 0.490 0.066 SIM= 683 | sp +0.010
REF. MONTH- ‘ SU +0.070
REFMI 0.177 3634 . 2.600 0.258
RUN ID A% OF R/O +19. 101 0.6 55 +8.82 045
RW4a . :
e stormR/E | ONS/67 | 1/BIG dizsies | SO | giosies | STORMUIS
WATERSHED| 2,326 50 REF.R/0 | 0045 “1g0s | 0749 0.058 ReF=3¢4 | F *0038
NO, : w0202
1 PERT. R/O 0.0458 1.4473 0.7445 0.0619 SM= 37 | ¢ 9012
REF (R/F/R/O)| 48 1.18 465 . 465 SU 110
Rl:vuw ID A% OF R/O 0.8 6.0 2.7 +4.2 +13.04 0.73
49 -
sToRMA/F | 10015/67 | 1/9/68 aizs/e8 | 73188 | g6 STORM U/S
SUB- 1 . :
WATERSHED 813 50 REF.R/O 0.095 2.170 0521 0,117 REF=23 | F 0012
NO. _ : w 0120
3 PERT.R/O 0.0943° 2.0398 0.5069 01222 SIM= 26 ] gp .p054
REF (RIE/R/OV| + 26.4 143 326 18.9 SU +0.084
HR#&%ID A% OF R/D +06°  “pi. 64 -1.9 +2.4- +25.0 0.57
10/15/67 1/9/68 A/25/68 8/13/68
sUB. STORM R/F S 204 T 222 9/29/68 STORM U/S
WATERSHED| 1 054 a7 REF. R/O 0.036 1.907 0.921 0.086 Rep=4 | F 10012
NO. - | w0128
5 PERT. R/O 0.0361 17844 0.9037 0.0882 SIM=5 sP 0.038
REF (R/F/R/OI| 30 106 197 258 SU +0.048
nv?l;z o 4% OF R/O +1.5 74 4.7 +0.1 +7.5 0.91
o | JEe | JERe | g | YR | onne | somwurs
WATERSHED | 4 119 a0 REF. R/Q 0.029 1557 0.610 0.127 ReF=40 | & 10030
ND. W -0.148
7 PERT. R/O 0.0299 1.4412 0.581 0.1271 SIM=43 | s _p00a
REF {R/F/R/0) 54.5 1.77 314 23.2 SU +0.002
RUN 1D A% OF R/O +0.3 36 0.7 +2.2 1.1 0.82
RW 49
suB. sTormp/e | 102867 | /888 o/8/c8 Bi20/68 | pja/es | sToRMuUsS
WATERSHED | 3 g3 0 REF. R/D 0.150 0.769 0.588 0.031 REF =9 F +0.006
NO. W 0072
n PERT. R/O 0.1508 0,7414 0.5835 0.0319 SIM =10 SP .0.014
REF (R/ER/O)] 9.0 1.8 3.24 16.1 SU +0.044
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vel-9

(BMIR - BASIC MAXIMUM INFILTRATION RATE/INFERARLE FROM LAND - USE CLASSIFICATION)

40 —
SMALL W/S AREA 365 SQ. KM
SNOW W/S AREA 277 SQ. KM
REGIONAL W/S AREA — 22,248 50. KM
20 SWS5 1 AREA 2,326 50, KM
m SWS 3 AREA 81350 KM SENSITIVITY ANALYSIS RESULTS
+5% VARIATION iN RUNOFF
INPUT
J
20— e VARIABLE - -  BASIC MAX. INFILTRATION RATE
w {A FUNCTION OF SOIL ASSQCIATION, TYPE & DENSITY
oy OF VEGETATION AND FOREST COVERS)
b= ’?&‘(;,OS“"{S‘J
Zz 10— Yay- e VARIATION - - —28%
w Sy, +35%
o +5% RUNOFF O o
=
|
0
-5% RUNOFF REGIONAL
_‘]0-—
-28%
.
20~ r T T T T T T T T |
-100 80 -60 40 20 0 20 40 B0 80 100

A% OF BASIC MAXIMUM INFILTRATION RATE

Figure 6-20. Basic Maximum Infiltration Rate Study, Vinter Storm




6.3.10 OVERLAND FLOW SURFACE SLOPE

OFSS is the average slope in meters per meter of the overland flow
surfaces perpendicular to the receiving channels and may be estimated by
averaging a series of measurements made for a randomly selected group of
points on a topographic map of the watershed.

This parameter is used to calculate the rate of dischargg from
overland flow. This rate is based on the Chezy-Manning equation

o = 148 (°)!"%

where q is discharge in cfs/ft, y is the depth in feet at the lower edge of
the flow plane, and s is the slope of the surface in ft/ft. The outflow
depth (y) is expressed empirically in terms of surface detention in order
that continuous overland flow can be calculated.

Sensitivity analysis results indicate that the small watershed has
a unit sensitivity of 0.21 for the fall season for a -50% perturbation
of OFSS. 1In all other basins and seasons the unit sensitivity is less.
This is due to a combination of factors: (1) overland flow {a concept use-
ful in modeling but not believed by all hydrologists actually to exist)
contributes only a portion of streamflow; (2) in the fall, after a dry
summer season, infiltration is maximum, and the proportion of streamflow
due to overland flow if greater; (3) overland flow rate in the model is
proportional to (OFSS)%, causing the parameter to be more influential,
in terms of unit sensitivity, in basins for which the reference value of
OFSS is small. In the regional watershed, all the initial values of
OFSS were initially very low. They were raised to a reference value of
0.10 for all subwatersheds to provide for wider parameter varjations at
reasonable percentage variations.

Results are shown in Tables 6-97 through 6-106, and in Figures 6-21
and 6-22. '
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, TABLE 897
SENSITIVITY ANALYSIS OF OFSS (0,062 ANNUAL R/F = 58,23 IN

SMALL WATERSHED 385 5Q. KM EVAPOTRANSPIRATION NET = 24.24 iN
€ TOTAL OBSERVED ANNUAL R/O = 31.38 IN
% SIGNIFICANT STORMS y
RUN PARAM gEHTUR- l ngn;\:\rM ANNUAL
D VALUE | BATION ouTPUT 114483 | 1/23/64 sh/ed B/14/64 FLOW FLOW
FALL WINTER SPRING SUMMER
A% OF RIC -38.8 -6.0 0.0 - o - —
STORM R/F 313 318 287 218 : STORM U/S
D067 0.001 -100 REF.R/O LiN)| 0175 2.31 194 0255 | nerevs || +0.388
ame © | W +0.080
PERT.R/O ()| a1 2.18 194 - | Yy
REF (R/F/R/O} 17.9 1.38 1.47 8.3 ) U -
A% OF R/Q -105 07 +04 -39 +3.80 -0.12
STORM R/F 213 2.19 287 218 STORMU/S
To68 0.031 -5 |Rer. R/ N DA75 231 194 0.266 B F w0210
REF=78 |w +ooa
PERT.R/O {IN} 018 230 1.95 0.25 2 ls _noos
REF (R/F/R/OY|  17.9 1.38 147 .83 SU  +0.078
A% OF R/D - 46,2 +0.4 02 - |l 422 -13 40.07
STORMR/F 313 3.19 T 2.87 2.16 STORM U/S
T069 0.093 + 50 REF.R/O (IN)|  0.175 231 1.94 © 0,255 : |F H0a4
gﬁ\ﬂF = ;g W +0.008
PERT. R/O {IN} 0.12 232 193 - 026 e Sp -0.004
REF {R/F/R/O) 17.9 1.38 147 8.3 . SU  +.044
A% OF R/O 108 | 407 0a - - -
STORM R/F 313 3.19 | 287 21§ STORM L/S
Do70 0.124 +100 |RrEF.RO OW)l 0175 z:1 | ea 0266 o F 008
- gﬁw':: 78 | w  +0.007
PERT.R/C INY|  0.19 233 1.93 - S s -0004
6-126 " |rerirsEfriO)) 17 3.19 147 83 su -
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TABLE 698

ANNUAL R/F = 33.38 IN
SENSITIVITY ANALYSIS OF  oFss (038 EVAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 277 50, KM . TOTAL OBSERVED ANNUAL R/O = 10.03 IN
SIGNIFICANT STORMS
9/7/58
A% 10/18/57 4/21/58 5/10/58 8/3/58 Low ANNUAL
PARAM PERTUR. | OUTRUT FLOW FLOW
RUN 1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/0 0.0 0.0 0.0 0.0 0.0 0.0
STORMR/F 2.99 0.0 1.78 1.09 STORM U/S
20 0.0001 -100 REF. R/O{IN)| 0.033 0,039 0916 0.043 REF=30 [F 00
SiM=30 |W o0
PERT. R/O INY  0.033 0.039 0916 0.043 % 00
REF (R/F/R/Q} -3} — 1.94 25 sU oo
1 s%orrio 0.0 00 0.0 0.0 0.0 -0.01
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
22 0.170 - 50 REF.R/O (N |  0.033 0.039 0916 0.043 rep=30 | ¢ 00
sim= 30 (W 00
PERT. R/O{IN.)|  0.033 0.039 0916 0.043 s 60
AEF (R/IFR/OY| o — 1.94 % U 00
A% OF R/O 0.0 0.0 0.0 0.0 0.0 -0.01
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
25 0.510 + 50 REF. R/O (tM.) 0.033 0.039 0.916 (1043 REF=3.0 F 00
$IM=30 |W 0D
PERT. R/0 (N 0.033 0.039 0.916 0.043 P
REF (R/F/R/OI] 91 - 1.94 25 5u 00
A% OF R/O 0.0 0.0 0.0 0.0 0.0 -0.01
STORMR/F 2.99 0.0 178 1.09 STORM U/S
27 0.680 +100 REF. RAO NG| 0033 0.039 0.916 0.043 ReF=30 | OO
SmM=30 | W 00
PERT. R/O (IN.}| D033 0.039 0.916 0,043 5P 00
6-127 REFIR/F/R/O) 91 R 184 25 sU 00
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TABLE 699

SENSITIVITY ANALYSIS OF oFss (0.10 REF)
REGIONAL WATERSHED 22,248 SQ. KM

ANNUAL R/F = 41.89 IN
EVAPOTRANSPIRATION NET = 32.80 IN
TOTAL OBSERVED ANNUAL R/Q = 15.41 IN

SENSITIVITY ANALYSIS OF orss (0.10 REF)

SIGNIFICANT STORMS
9/16/68
A%
6/9/68 8/11/58
RUN paraM { PERTUR- 10/28/67 1/21/68 /9 17 LOW AMNUAL
D VALUE | BATION OUTPUT FALL WINTER SPRING SUMMER FLOW ELGWY
A% OF RfO -0.10 -0.72 +0.06 +0.63 w086 | -023
A% OF ocT JAN APR AUG
MONTHLY R/O 0.0 +0.03 +0.16 +0.78 STORMU/S |
+0.007
RW 56 0001 | -100 REF.R/O (N) | ooess 0.9824 0.4874 0.05% F +C001
REF- G41 § W  +0.007
PERT. /O {IN} 0.0087 0.9753 0.4877 0.0843 SIM= 657 | 5o _pg01
L]
Tl 0w 3.631 2,59 0.257 Su_-0003 §
A% OF R/Q 0.0 +0.07 +0.14 -0.31 -047 E—- +0.10
A% OF acT JAN APR AUG A .
MONTHLY R/C 0.0 0.05 0.0 .32 i STORM U/S
RW 60 0.30 +200 REF. R/O (1) 0.0988 0.9824 04874 0.0859 B PF 00
REF~ B4j E W 40001
PERT. R/O (tN) 0.988 0.9831 0.4881 0.0637 SIM- 828 f oo ag
REF. MONTHLY 0177 3,631 2,599 0757 | Ysu _ocor i
| /O {IN} o N I I ) o
TABLE 6-100

AMMNUAL A/F = 59.30 1N
EVAPOTRANSPIRATION MET = £0.29 1y
TOTAL OBSERVED ANNUAL R/G = 19.83 IN

SUBWATERSHED NO. 1 2,326 50Q. KM
SIGNIFICANT STORMS ’
A% 9/25/68 5
RUN PARAM PERTUR 4/26/68 LOW ANNUAL
o VALUE BATION QUTPUT 10/16/67 1/8/68 B/18/68 FLOW FLOW :
} FALL WINTER SPRING SUMMER | i
i 4 [, S
' 4% OF R/O 0.0 -2.22 +0.09 +0.51 0.0 ote |
{ STORM R/F 2.6 1.91 3.49 b 2.79 . STORM U/S '
" - i [
1 RWS6 0.001 -100 REF. R/O {IN.) 00447 1.6242 0.7486 0.0585 REFm 38 | +g'unzz ]
H = W .
‘ PERT. R/O {IN.)]  0.0447 1.5881 0.7503 00588 St = 24 g -0.001 i
. i
REF (R/F/R/QI} 4832 1.18 4.65 i aree | sy 0005,
N Lo o SRS NV SR
| A% OF R/ +0,22 +0.50 sz 1 097 -2.94 +0.05 2
STORM R/F 216 | 19 349 279 STORMUJS |
R 60 0.30 200 REF. RO (NJ| 00847 16242 0.7456 0.0585 REF- 34 | o001 !
- 33 (W toaez !
PEAT. A/D (L 0.0448 1.6323 07511 0.0584 5P +0.001 I
; REF (R/F/R/O)|  48.32 118 4.6 } 4769 | U -0da1
N = h —_ J
TABLE &104
SENSITIVITY ANALYSIS OF ANNUAL R/F = 63.88 I
SUBWATERSHED NQ. 3 813 50. KM EVAPOTRANSPIRATION NET = 37.42 IN
§ TOTAL OBSERVED ANNUAL R/O = 26.14 N
5‘ SIGNIFICANT STORMS
) PARAM A% T
H
j RUNID VALUE PERTUR- | oy 10/15/67 1/9/68 4/25/68 H ?/31/68 LOW ANNUAL
: BATION FLOW FLOW
P FALL WINTER SPRING SUMMER
r A% OF R/O -0.21 +0.46 +0.31 +0.26 0.0 -0.08
{
| : STORM R/F 251 an 1.70 221 STORMU/S
| Awss 0001 | -100 REF. R/O (IN)|  0.0949 2.1665 05205 0.1971 R
! B W -0.005
‘ PERT. RO NIl 0.0047 21754 05221 0.1174 SM= 2 0003
- i REF (R/F/R/Q)  2B.45 1.44 327 18.87 su -0.003
! 4% OF RO +0.21 -0.18 -0.13 -0.17 +0.05
STORM R/F 251 LR 1] 1.70 2.2 STORM U/S
RV 60 0.30 +200 REF.R/O (IN.)| 00943 2.1655 0.5205 0.1371 F 10408
REF=23 tw -o0m
PERT. /0 (IN.)]  0.0857 21617 0.5198 0.1369 SIMi = P ~00
6-128
B REF (A/F/R/0)|  26.45 144 327 18.67 W -0.001




TABLE 8-102
ANNUAL R/F = 48.24 IN

SENSITIVITY ANALYSIS OF 0Fss (0.10 REF)) EVAPOTRANSPIRATION NET = 27.87 IN
SUBWATERSHED NO.5  1,084S0.KM TOTAL OBSERVED ANNUAL R/Q = 22.36 IN
SIGNIFICANT STORMS 0/29/68
A% 10/15/67 1/9f68 4/25/68 8/13/68 LOW ANNUAL
PARAM PERTUR: OuTPUT FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O 0.0 -0.89 -0.8 +0,12 +25.0 -0.04
STORMR/F | 1.08 2.04 1.82 2.22 STORM U/S
F 00
- . ) . 0.9269 0.0860 REF =4
RW 58 0.001 100 REF. R/O tIN)|  0.0358 19169 REF=4 1 +0.000
PERT. R/O (IN)|  0.0358 1.89a9 09178 D.0861 SP +0.010
REF {R/E/R/C)] 30,17 1.06 1.96 25.81 su -0.001
A% OF RO 0.0 1052 +0.81 0.0 0.0 +0.03
STORMR/F | 1.08 204 182 2.22 STORM U/S
F 00
RW 60 0.30 +200 REF. R/O{IN.)| 0.0358 1.9169 0.9269 0.0860 gfm F=2 | o o008
PERT..R/0 lIN)]  0.0358 1.8269 0.9326 0.0860 5P +0.003
su 0o
REF {R/F/M/C)| 30,17 1.08 1.96 25.81
TABLE 6103 ANNUAL B/
AL R/F = 60.93 IN
SENSITIVITY ANALYSIS OF OFss (0.10 REF) EVAPOTRANSPIRATION NET = 33.02 IN
SUBWATERSHED NO.7 1,111 5Q. KM TOTAL OBSERVED ANNUAL R/O = 18.29 IN
SIGNIFICANT STORMS 0/30/68
4% 10/15/67 1/8/68 a/26/68 8/14/68 LOW ANNUAL
PARAM PERTUR. | OUTPUT FLOW FLOW
RUN ID VALUE BATION FALL " WINTER SPRING SUMMER
A% OF R/O 0.0 040 +0.18 -0.08 0.0 -0.06
STORM R/F 1.58 276 192 2.95 STORM U/S
- P00
- REF. R/O {IN. 0.0294 1.5812 0.6088 0.1270 REF = 40
; RW 55 0.001 100 1O {IN.) S 40 |w +0.004
! PERT. R/O IN)|  0.0204 1.5650 0.5099 0.1269 s -0.002
REF(R/F/R/O)| 5374 177 3.15 23.23 Su -G.001
{_ A% OF R/D 0.0 +0.31 -0.05 +0.08 0.0 +0.06
' STORMR/F | 188 276 192 295 STORM /S
RW 60 a.30 +200 REF. R/O{INJ| D.o204 1.5612 0.6088 01270 ReF= 40 {F 00
sim= 40 | w +0.001
PERT. R/O (IN)]  0.0204 1.5660 0.6085 0.1271 % oo
REF (R/F/R/O)] 5374 1.77 315 23.23 sU oo
TABLE 6-103A
ANNUAL R/F = 35.81 IN
SENSITIVITY ANALYSIS OF o0Fss (0.10 REF) EVAPOTRANSPIRATION NET = 26.35 IN
SUBWATERSHED NO. 11 2,551 50. KM TOTAL OBSERVED ANNUAL RJO = 12.82 IN
SIGNIFICANT STORMS
9/14/68
4 % 10/28
PAHAM CeRTUR. ouTPUT 0/28/67 1/8/68 5/8/68 B8/20/68 k%vw Qfgxm
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/D 0.0 -2.12 484 +0,96 0.0 -0.08
STORM R/F 1.35 1.37 1.91 0.50 STORMU/S
i RAWS6 0.001 - -100 REF. R/O tIN}|  0.1502 0.7786 0.6033 0.0311 Rep-g | F 90
) smM=- 0 |w +0021
: PERT. R/O {IN.{  0.1502 0.7621 0.5741 0.0314 Sp +0.048
REF (R/F/R/01| 899 1.76 317 16.08 su +0.001
A% OF R/Q +0.07 +1.44 +2.80 -0.64 0.0 04
STORM R/F 135 1.37 1.91 0.50 STORM U/S
AW 60 0.30 +200 REF. RO (INJ|  ©.as02 0.7786 0.6033 0.0311 rep=9 | F OO
sim= 9 | W +0.028
PERT. RAO{INY  0.1503 0.7998 0.6202 0.0309 5P +0.056
6-129 REF {R/F/R/OY 809 176 317 16.08 5u -0.003




TABLE 6104

SENSITIVITY ANALYSIS OF oFss .100% PERTURBATION
SMALL, SNOW & REGIONAL WATERSHEDS

SIGNIFICANT STORMS
AREA’ EPAET LoW ANMUAL
WATERSHED | (50 m) ) ouTPUT rlow | Fow
FALL | WINTER SPRING SUMMER
RUN ID A% OF R/O -38.8 6.0 0.0 - - -=
DO &7
STORMR/F | L1463 | /2364 ot | e | emzea | stormuss
F +0.388
REF. R/O 0.175 2.31 194 0.265 REF =73
SMALL 85 a5 W 40060
10.062 REF) PERT. R/O 0.11 218 194 - smi=—— 1o o
REF {R/F/RIO)| 179 1.38 1.47 83 sUo--
=
RUN ID A% OF R/O 0.0 0.0 0.0 0.0 00 0.01 h
20
sToRMA/F | 1UI8/S7 1 4/21/58 Jo/8 | 8358 | o758 STORMUYS |
SNOW 277 32 REF. R/O 0.033 0.039 0916 0.043 REF=30 | F 00 |
(0.34 REF) w oo
PERT. R/O 0.023 0.039 0916 0.043 SIM=30 {sP 00 |
REF (R/FRIOH 91 — 1.94 25 Su 00
ot
RUN ID A% OF R/O 010 -0,72 +0.06 . +0,63 +0.94 0.23 }
RW 56 -
2% OF oCT JAN APR AUG
MONTHLY R/0] 0.0 +0.03 +0.15 +0.78 89/15/68 | STORMU/S E
REGIONAL | 22,248 a1 REF. R/O 0.0988 0.9824 0.4874 0.0639 REF =841 | F 10001 |
{0.1G REF} W +0.007 !
PERT. R/O 0.0987 0.9753 0.4877 0.0643 SIM = 647 g .0.0Mm
REF. MONTH- ! ﬂ
LY R/O 0.177 3.6821 2.599 0.257 U -0.008
H
RUN ID A% OF R/Q 0.0 -2,22 +0.09 +0,51 0.0 0.0 !
RW 56
10/15/67 1/8/68 4/26/68 8/18/68 |
suB- STORM R/F 2.16 1.91 3.49 278 9/25/GB STORML/S
WATEESHED 2326 50 REF. R/O 0.0447 16242 07496 0.0585 REF=34 | F 00
'“1 . W 40,022 l
PERT. R/O 0.0447 SIM = 34
(0.10 REF} 1.5881 0.7503 0.0588 P 0.001 |
REF (R/F/RIOI| 4832 118 466 47.69 U 0005
H'S}Us'; 1o A% OF R/O -0.23 +0.46 +0.31 +0.26 0.0 0,08 ;
s STORMR/F [ 10A5/67 | 1/9/68 yzsies | 7388 | gres STORMUJS .
- I
WATERSHED )  g43 50 REF. R/O 10949 2,1655 0.5205 0.1171 REF=23 | F *0:002;
Nal). W 0,005
! PERT. R/O 0.0947 21754 0.5221 . SIM = 23 »
£{0.10 REF) 01174 57 -0.003
REF (R/F/R/O)  26.45 1.44 3.27 18.87 SU - -0.003
waaws D A% OF R/D 0.0 0.89 -0.98 +0.42 +25.0 -0.04
10115767 76768 472568 8/13/68
SUB. sToRMRA/F | 100 o8 y/es 3 9/20/58 STORMU/S |
w .
ATERSHED 1,084 37 REF.R/Q 0.0358 19169 0.9269 0.0860 REF =4 VFV 2;’009
< !
PERT. R/O 0.0358 1, . X Sim =
{0.10 REE] 8999 0.9178 00861 5 | sr +n010
REF (R/E/RON 3047 1.06 1.96 2581 U 0.001
. Us:gg: 1D A% OF R/0 0.0 -0.40 +0.18 0.08 00 —0.06
10715767 178768 4/26/68 8714768
SUB- STORMRA/F | 158 276 142 295 9/30/68 | STORMU/S
WATIEECL 40 REF. R/0 0.0294 15612 0.6088 0.1270 Rer=4p | F 00
) W 0004
S }
PERT. -
{0.10 REF] RT. R/O 0.0294 1,5550 0.6099 0.1269 SIM=40 | cp 002
REF (R/F/R/O} 53,74 1.77 3.15 23.23 SuU -b.001T
RUN ID A% OF R/O 0.0 212 484 +0.98 00  -0.06
RY 56
1 1
UB. SToRm R/F | 10/26/67 | 1/8768 308,68 Ve | onams | sTORMU/S
WATERSHED| 25551 20 REF. RO 0.1502 0.7786 0.6033 0.0311 Rep=g | F 00
TR W +0.021
{0.10 REF) PERT. R/O 0.1502 0.7621 0.5741 D.0314 SiMm=yg 8P 40.048
REF (R/F/RIO) 899 176 3.17 16.08 SU +0.001
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TABLE 6-105

SENSITIVITY ANALYSIS OF  oFss +100% PERTURBATION
SMALL, SNOW & REGIONAL WATERSHEDS
SIGNIFICANT STORMS
AREA’ EPAET Low ANNUAL
-|WATERSHED| (g0 ka) Ny ouTPuT _ FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O +10.8 +0.7 04 — - -— ~—
ho 70 11/4/63 1/23/84 5/1/64 8/14/84
stormR/F | 343 e 28 216 9/27/64 STORM U/S
SMALL 365 45 REF. R/O 0.175 2.31 1.54 0.255 REF=7g [F *0.108
W +0.007
{0.062 REF) pt -
RT. R/O 0.19 2.33 1.83 - SIM=__ { g nopa
REF (R/FR/O)] 179 1.38 147 83 V-
RUN 1D A% OF R/O 0.0 0.0 0.0 0.0 0.0 001
27 10/18/57 4/21/58 5/10/58 8/13/58
sToRMR/F | 5% o 211 108 9/7/58 STORM U/S
SNQW 277 32 REF.R/O 0.033 0.039 0.916 043 REF =3.0 ¢ 00
(0.34 REF) w00
PERT. R/ 0.033 0.039 0918 0,043 SIM=30 |s gp
REF {R/F/R/O)] o1 — 194 25 SV a0
RUN iD A% OF R/O
wg’,&fﬂ’w ao] °7 AN APR AUG 9/15/68 | sToamu/s
REGIONAL | 22248 4 REF. R/O REF - F
w
PERT. R/O Sim = sp
REF. MONTH -
LY R/O su
RUN ID A% OF R/O
0/15/67 | 1/6/68 4/26/68 8/18/68
SUB- STORM R/F 2.16 1.91 3.49 2.79 a/26/68 STORMU/S
WATERSHED| 2326 50 REF. R/O REF = F
NO. W
1 PERT. R/O SIM = &
REF {R/F/R/O) su
RUN ID A% OF RIO
10/15/67 1/9/68 4/25/68 7/31/68
UB. STORMR/F | L 31 HE 331 9/2/68 STORM U/S
WATERSHED| 412 Eo REF. R/O REF = F
NO, : w
3 PERT. R/O St = ap
REF {R/F/R/O) su
RUN ID A% OF R/O
10/15/67 1/5/68
SuB. STORMR/F | 1715/ 1o yaoies | 81368 | opaes | stormurs
WATERSHED| 4 ngy 37 REF.R/0 REF = F
NO. w
§ PERT. R/O SIM = @
REF {f/F/R/0) su
AUN 1D A% OF R/O
10/15/67 1/8/68 4/26/68 8/14/68
uB. STORM R/F 158 276 Pt 295 9/30/68 STORMU/S
WATERSHED 1,1 40 REF. R/O REF = F
NO. w
7 PERT. R/ SiM = s
REF {R/F/R/Q) su
RUN ID A% OF R/O
10/28/67 1/8/68 576768 8/20/68
<UB. STORM R/F o 137 1o 0 9/14/68 STORMU/S
W*‘TSSSHED. 2,551 a0 REF. R/O REF = F
- W
n PERT. R/O SiM = P
REF (R/F/R/O) su
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TABLE 6108

SENSITIVITY ANALYSIS OF OFSS +200% PERTURBATION
SMALL, SNOW & REGIONAL WATERSHEDS

SIGNIFICANT STORMS
AREA EPAET Low ANNUAL
WATERSHED| (30’ kn} {IN) ouTPUT Flow | FLow
FALL | WINTER SPRING SUMMER
RUN 1D A% OF R/O
STORMA/F | 11/a/es | 1729164 Sard fnaed | szims | sToRMUsS
F
SMALL 365 45 REF, R/0 REF = i
PERT. R/O Sim = sp
REF (R/F/R/O) su
RUN ID A% OF R/Q
STORMR/F | 01857 | 4i21/58 o058 | BM3MB | gymg STORM U/S
SNOW 2717 32 REF. R/O REF = :“
PERT. R/O Sim= 4
- su
REF (R/F/R/O) -
RUN D &% OF R/O 0.0 +0.07 +0.14 031 0.47 +0.10 ]
RW 60 A% OF ocT JAN APR AUG
MONTHLY R/} 0.0 0,06 0.0 0,39 8/15/68 sm::;n wss 4
REGIONAL 22,248 M REF. R/O 0.0988 D.9824 0.4874 0.0639 peF=ean | © O f
{0.10 REF) W +0.001 ¢
PERT. R/O 0.09e8 0.9831 0.4881 0.0637 SiM=838 | gp g0
REF, MONTH - 5U .0.007
LY R/O 0.177 3.631 2,599 0.257
RUN ID A% OF R/D +0.22 - +0.50 +0.20 0.17 204 +0.05
R 60 10/15/67 1/8/68 2/26/68 B/18/88
up. STORM R/F 216 LA 349 279 9/25/68 imfon; ;J:s ‘
WATERSHED 2,326 50 REF.R/O REF =34 :
NO. 0.0447 1.6242 0.7496 0.0585 W +0.002
1 PERT. R/O €.0448 1.6323 0.7511 0.0584 giM =133 sp +0.001
(0,10 REF} -
REF (R/F/R/O} ag.32 1.18 466 47.68 sU -D.001 ‘
RUN ID A% OF RO +0.21 018 -0.12 £17 +0.06 t
W B0 )
i s STORMR/F | 10015/67 | 1/0/68 4/25/68 /3168 9/2/68 STORMU/S
WATERSHED| g3 50 REF.RA 0.0949 21655 0.5205 0.1171 REF=g | F *0001 ¢
NO. w0001 ﬂ
3 PERT. R/O 0.0951 21617 05198 0.1169 SIM = s o0 b
;0.0 REF) f
REF (R/F/A/0)| 2645 1.4 327 18.87 U oo |
'mﬁg;' o A% OF R/O 0.0 +0,52 +0.61 0.0 0.0 +0.03 ;
i 10/15/67 1/9/68 A4/25/68 8/13/68 i
P sum STORMPR/F | |ga 200 A 593 9/29/68 STORM U/S
(WATERSHED| g ggq 37 REF. R/O 0.0258 19169 0.9269 0.0860 REE =4 F 00
! Nso. W +0.003
{(0.10 REF} PERT. R/O 0.0358 1.9260 0.9326 0.0860 SIM=4 SP +0.003
{ REF (R/F/R/OH 3017 .06 1.96 25.81 U 00
nwnéjom ID A% OF R/Q 0.0 +0.31 -0.05 +0.08 0.0 +0.04
: 10/15/67 1/8/68 4/26/68 8/14/68
: suB STORMR/F | 58 276 1.42 2.95 9/30/68 | STORMLUY/S
3 0.0
IWATERSHED| 4 9 20 REF. R/O 0.0294 1.5612 0.5088 0.1270 REF=a0 |
N;)- W +0.001
0.10 REF) PERT. R/D 0.0284 1.5660 0.5085 0.121 SIM=4p SP 0.0
REF (R/f/R/0)|  53.74 177 315 23.23 SU 00
RUNID A% OF R/O +0.07 +1.44 +2.80 0.64 0.0 a0
AW 60
10/28/67 1/8/68 5/8/68 8/20/68
SUB. STORM R/F o 137 a1 050 9/14/68 STORM U/S
F 00
WATERSHEC] 25681 30 REF. R/O 0.1502 0.7786 0.6033 0.0211 REF =
L+ W +0.028
0.10 REF) PERT. R/D 0.1503 0.7698 0.6202 0.0309 SIM =9 P 40,058
REF IHIF/R.'GJi S -0.003
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EEL-9

{OFS5 - OVERLAND FLOW SURFACE SLOPE/OBTAINED
DIRECTLY FROM TOPOGRAPHIC DATA)

7 —
SMALL W/S AREA  ————  36550. KM
6 sSNOW W/S AREA —_— 27750 KM
REGIONAL W/S AREA ——— 22,248 50. KM
5| SWS1AREA 2,326 S0. KM
SWS 3 AREA ——— B13S0. KM
SWS 5 AREA ——— 1,084 SO. KM
4 -
3 -
2
('8
A - 1
S 1 +%% RUhiOFF . SMALL REGIONAL SWE S
5 i WS 3 SWS 1
T 0
“ 4% RUNOFF TP
® .
~] . +200%
SENSITIVITY ANALYSIS RESULTS
2 +0.5% VARIATION IN RUNQFF
INPUT
3
s VARIABLE — — OVERLAND FLOW
4 SURFACE SLOPE
{A FUNCTION OF LOCAL TOPOGRAPHY)
5 s VARIATION - — +200%
—B57%
7 NOTE: SENSITIVITY IN SNOW WATERSHED IS NEGLIGIBLE
7 -
y
8- T T T T #

I
100 50 0 50 100 150 200

A% OF SURFACE SLOPE

Figure 6-21, Overfand Flow Surface Stope Study, Winter Starms



¥EL-9

A% OF RUNCFF

TOWN CREEK, ALA.

WATERSHED AREA 365 SQ. KM
10 — SURFACE SLOPE 6.2% REF.
(OFSS - OVERLAND FLOW SURFACE SLOPE)
S-—
6 —
+5% RUNGFF
4 -

21  ANNUAL FLOW

STORM 1/25/64

STORM 1/25/64

ANNUAL FLOW

=2
- —
—5% RUNOFF
_6—.
—8—
—10 —
—40%
h 4
| I [ [ ] [ | | I
—50 316 0 +50
Y ’ A% OF OVERLAND FLOW SURFACE SLOPE
I I ' |
31 6.2 9.3

% OF OVERLAND FLOW SURFACE SLOPE

Figure 6-22. Overland Flow Surface Slope Study, Small VVatershed

+-55%

9.33



6.3.11 OFSL OVERLAND.FLOW SURFACE LENGTH

OFSL is the mean overland flow length in feet. That is, the average
distance that surface runoff in the watershed travels before reaching a
channel defined in the same manner as was used for OFSS in the preceding
section. OFSL may also be estimated by averaging randomly measured
‘distances on topographic maps. ' '

Hydrologically, the larger value of OFSL increases infiltration
opportunity and thereby slightly increases the base flow and interfiow,
and also decreases the direct runoff. The sensitivity analysis results
of the small watershed is in agreement. . A +50% perturbation in OFSL
results in a -0.24 unit sensitivity during the fall season. (Storm runoff
has decreased by 12.2%). The response of the Tow flows to the same
perturbation is opposite to that of the fall season.

. Results appear in Tables 6-107 through 6-117 and Figures 6-23 and
6-24. ' .
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TABLE &107

SENSITIVITY ANALYSIS OF  OFSL (1550 ANNUAL R/F =58.23 IN
SMALL WATERSHED 385 50. KM EVAPOTRANSPIRATION NET = 24.24 iN
TOTAL OBSERVED ANNUAL R/0 =31.38 IN
« SIGNIFICANT STORMS

RUN PARAM gEF‘TUR- 9’2;\::4 ANNUAL

Rl VALUE A QUTPUT 11/4/63 1/23/64 5/1/64 8/14/64 IELow A

FALL | WINTER SPRING SUMMER
A% OF R/O wig | +250 -0.6 - - -

STORMR/F 3.13 3.19 2.87 2.16 STORM U/S
Do74 0.01 -100 HEF.R/O (1)]  0.175 2.31 1.94 0.256 REF =78 F-098%
pos Sm- - |W 002
|PERT. R/O (M) ©.34 2.37 1.93 - & +0.006

REF (R/F/RI0)| 179 1.38 147 83 su -

A% OF R/O +229 +1.3 0.6 +79 5 +0.24
STORM R/F 313 3.19 2.87 2.16 STORM U/S
T075 775 - B0 REF. R/O (IN)] 0475 2.31 1.04 0.255 F -D45E
REF=79 |w _0.026

5IM= 75 -
PERT. R/O Nyl 022 2.34 193 0.28 sp +0.012
REF (R/FM/N 179 1.38 147 8.3 s -0.158

A% OF R/O 122 -0.8 +0.4 4.7 +3.80 -0.14
STORM R/F 313 2.19 287 216 STORM U/S
T076 2325 + 50 REF.R/Q (IN)| 0175 2.3 1.94 0.255 4 F 028l
- REF=79 |w  -0.016

siv = 8.2 -
PERT. R/O {IN} 0.15 229 195 0.24 P +0.008
REF (R/F/R/Q) 17.9 1.38 1.47 8.3 su -0.004

A% OF R/O -19.7 -14 +0.7 - - -

STORM R/F 313 3.19 2.87 2.16 STORMU/S
Do77 3100 +100 REF. R/O (M)} 0175 2.31 194 0.255 F 0797
REF=79 |w -o014

PERT. | SIM= — '
T.RAOIN| 014 2.28 1.95 - SP 40007

6-136 REF (R/F/R/O) 17.9 3.18 147 8.3 U -
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L TABLE 6-108
oFsL Y ANNUAL R/F = 33.38 IN
SENSITIVITY ANALYSIS OF {1000, EVAPOTRANSPIRATION NET = 18,79 IN
SNOW WATERSHED 277 5Q. KM TOTAL OBSERVED ANNUAL R/O = 10.03 IN
SIGNIFICANT STORMS
9/7/58
A% 10/18/57 4/21/58 5/10/58 Low ANNUAL
PARAM PERTUR- ouTeuT B/3/56 FLOW ELOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O 0.0 0.0 +3.2 -02 0.0 +0,01
STORM R/F 2,99 0.0 1.78 1.09 STORM U/S
28 10 -100 REF, R/O(IN)| 0033 0.039 0915 0.043 rer=3p |F 09
SIM=30 [W 0.0
PERT. R/O (IN.]  0.033 0.029 0.946 0.043 & -0.032
REF {R/F/R/ON 91 - 1.94 25 SU  +0.002
A% OF R/O 0.0 0.0 0.0 .0 0.0 -0.01
STORM R/F 2,99 0.0 1.8 1.09 STORM U/S
30 | soo, - 50 |rer.mroong| 0033 v.039 0.918 0.043 ReF=30{ & 0¢
SiM=30 | W 00
PERT. R/C (NIl 0.033 0.039 0.916 0.043 SP 0.0
REF (R/F/R/O) 91 — 1.4 25 sU0.0
A% OF R/Q 0.0 0.0 0.0 0.0 0.0 -0.01
STORM R/F 2.99 0.0 178 1.09 STORM U/S
5 1500. + 50 REF.R/O (in.]  0.033 0.039 0016 0.043 REF=30 | © 00
sm=30 | W @O
PERT. R/O{INJ|  D.032 0.03% 0918 0.043 P
REF (R/F/R/O)| M - 1.94 25 U oo
4% OF R/O 0.0 0.0 0.0 0.0 0.0 -0.01
STORM R/F 2.99 0.0 178 1.09 STORMU/S
33 2000. +100 REF. R/0 (IN.)|  ©.033 0.039 0.516 0.043 aer-3q |© 0¢
siM=30 |W 00
PERT, R/C {IN,) 0.033 0.039 0.916 0,043 P00
6-137 REF (R/FR/ON| 91 — | 194 25 5U 00
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TABLE 6-108
ANNUAL R/F = 41 89 IN

SENSITIVITY ANALYSIS OF  oFsL @913 EVAPOTRANSPIRATION NET = 32.90 IN
REGIONAL WATERSHED 22,248 50. KM TOTAL OBSERVED ANNUAL R/O = 15.41 IN
SIGNIFICANT STORAMS
. 9/15/68
A
AU sanam | peRTUR 10/28/67 1/21/68 5/9/68 8/11/68 Low ANNUAL
0 VALUE | BATION OUTPUT FALL WINTER SPRING SUMMER FLOW FLOW
A% OF R/O +0.2 +0.6 +0.6 -13 -2.02 +0.42
A% OF ocT JAN APR UG
MONTHLY R/0] 0.0 022 +0.04 -1.55 STORM U/s
AW61 §91.4 - %0 REF.R/O (IN) | 0.000 0.980 0.487 0.064 F-D.002
REF-644 | W -0.007
PERT. R/0 (M| o.0089 0.9861 0.490 0,0633 st = 631 | op oonn
e L 077 3634 2.600 0.258 SU+0.014
A% OF R/Q +0.02 +0.24 +0.02 -0.27 - -
3% OF ocT IAN APR AUG
MONTHLY R/O| +0.01 -0.05 -0.05 -0.29 STORM U/S
RW63 3457 - B0 REF. R/ {IN}{ D.099 0.980 D.487 0.064 F oo
REF = 644 W -0.005
PERT. R/O {IN]] 0.0988 0.9822 0.4873 0.08395 Sim= — P 00
. H
R ear 35634 2.600 0.258 SU. +0.002
A% OF R/O 001 -0.17 +0.01 +0.12 - -
% OF acT JAN APR AUG
MONTHLY R/a| 0.8 +0.01 +0.03 10.05 STORM /8
RWE2 10371 + 50 REF. R/O (IN) | 0.000 0.980 0.487 0.064 F oo
AEF =644 | W -0.004
PERT. R/Q (IN}]  0,0087 0.9782 0.4872 0.0642 siMm= - 5P 0.0
iRl IRYS 3.634 2.600 0.258 Su +0.002
TABLE 6110
ANNUAL R/F = 59.30 IN
SENSITIVITY ANALYSIS OF  orst (a974) EVAPOTRANSPIRATION NET = 40.28 IN
SUBWATERSHED NO. 1 2,326 50. KM TOTAL OBSERVED ANNUAL R/O = 19.63 IN
SIGNIFIGANT STORMS
A% 9/25/68
RUN PARAM PERTUR PUT 4/26/68 B/18/68 LOW ANNUAL
D VALUE BATION ouTPU 1o/1s/6? 1/8/68 / FLOW FLOW
FALL WINTER SPRING SUMMER
4% OF R/O +0.7 +2.7 +1.2 12 -2.94 +0.25
STORM R/F 2.16 1.91 3.49 2.79 STORM W/S
RWE1 497.4 - 96 |REF. RO (N} 0.045 1.609 0.749 ©.059 — 'g'ggz
= w —u
PERT. R/Q (N 0.0450 1.6522 0.7580 ogses | SM=3 ®  -0013
REF (R/F/R/O}] 48 1.18 465 46.5 sU +0.013
4% OF R/O +0.07 +0.80 +0.04 0.6 - -
STORM R/F 2.16 141 3.49 2.79 STORM U/S
RWE3 2487 ) REF. R/Q (IN.} 0.045 1.600 0.749 0.059 F o0
REF =34 |y 0016
PERT. R/O UNLE  0.0447 1.6221 0.7494 00586 | ™M™~ |s oo
REF {R/F/R/O} 43 1.18 4.65 465 SU  +0.032
A% OF R/O -0.03 -0.56 +0.03 +0,09 - -
STORM R/E 2.16 1.1 3.49 2.719 STORMU/S
RWB2 7461 + 50 REF, R/O {IN.} 0.045 1.608 0.748 0.069 _ F 0.0
REF =34 w  -00M
PERT. R/O IN.J|  0.0447 1.600 0.7493 oossy | SIM=- e 00
5-138 REF (R/F/R/OIf - 48 118 465 46.5 sy +0.00
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. 4 TABLE 8111 -
SENSITIVITY ANALYSIS OF oFsL (3a18) ANNUAL R/F = 63.88 iN
SUBWATERSHED N KM EVAPOTRANSPIRATION NET = 37.42 IN
S 0.3 B30 TOTAL OBSERVED ANNUAL R/O = 26.14 IN

i SIGNIFICANT STORMS 0/2/68
RUN 1D PARAM PERTUR- OUTPUT 10/15/67 1/9/68 4/25/68 7/31/68 LOW ANNUAL
VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER
4% OF R/O +1.4 0.3 -0.1 -10 0.0 +0.22
STORM R/F 251 211 1.70 2.21 STORM U/S
0.521 0.117 Fo-0.018
RWe1 35 - 80 REF. R/O (IN.) 0.095 2170 . . ;ﬂ:—: 223? w 0008
PERT. RO 1INJ|  0.0061 2.1635 05203 0.1161 sp +0.001
REF (R/F/R/OH 264 1.42 326 18.9 SuU +0.011
4% OF R/O +0.12 -0.21 -0.11 -0.17 - -
STORM R/F 2.51 3N 170 2.21 STORM U/S
AW 1 50 REF. R/O (IN.} 0.521 oz Fo-0.002
63 707 - . . 0.095 2170 . | o REF=23 | w +0.004
PERT. A/0 ()| 0.0949 2.1650 05204 0.1170 Smi= - e sonm
REF (R/F/R/C)| 264 1.43 3.26 18.9 WU +0.003
A% OF R/O -0.05 +0.11 +0.05 +0,05
STORM R/F 251 311 1.70 2.21 STORM U/S
F o -0.001
s 0.117
RWE2 5123 + 60 REF. R/O{IN)|  0.095 2170 0.521 REF=23 |y +0.002
PERT. R/O (INJ|  0.0847 24720 05213 01173 Sim = P +0.001
REF (R/F/R/O)|  26.4 143 3.26 189 su +0.001
TABLE 6112 )
ANNUAL R/F = 48.24 IN
SENSITIVITY ANALYSIS OF oFsL (6521 : EVAPOTRANSPIRATION NET = 27.87 iN
SUBWATERSHED NO.5 1,064 50. KM ‘ TOTAL OBSERVED ANNUAL R/O = 22.36 IN
SIGNIFICANT STORMS 9/20/68
A% 10/16/67 1/9/68 4/25/68 8/13/68
PARAM | PERTUR. | OUTPUT 3 o it
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O 0.0 +25 +2.7 -0.3 0.0 +0.13
STORM R/F 1.08 204 1.82 2.22 STOAM LH/S
F 00
) - oo REF. R/O (IN)| 0.036 1.907 0.921 0.086 REF =4
RW&1 469.2 siM=4 | w -0.028
PERT. R/0 (IN.)[ 0.036 1.9542 0.9466 0.0858 P -0.030
REF (R/F/R/O}| 30 1.06 1.97 25.8 SU +0.003
A% OF R/O +0.04 +0.42 +0.48 -0.07 - -
STORM R/F 1.08 2.04 . 1.82 2.22 STORML/S
RW63 2346 - 50 REF. R/C (IN.J| 0.036 1907 0.92 0.086 pep-q4 |7 90
Sim= ~ | W -0.008
PERT. R/O {IN.)|  0.0358 1.9150 0.9259 0.0860 S 0,010
REF {R/F/R/0Y| 30 1.08 197 25.8 SU +0.001
A% OF R/O +0.04 -0.16 -0.17 -0,02
STORMR/F | 1.08 2.04 1.82 222 STORMU/S
RWS52 7038 + 50 REF. R/O (IN)|  0.036 1.007 . 0.921 0.086 REF-4 |F 0O
SIM = w -0.003
PERT. R/O [IN.)]  0.0358 1.9039 0,9193 0.0861 gp -0.003
6-139 REF {R/F/R/0)| 30 1.06 197 25.8 su 0g

b~139




. TABLE 6113
ANNUAL R/F = 50.93 IN
SENSITIVITY ANALYSIS OF  ofsL (sg1s] EVAPOTRANSPIRATION NET = 33,02 IN

SUBWATERSHED NO.7 1,111 5QL. KM TOTAL OBSERVED ANNUAL R/O = 18.29 IN
SIGNIFICANT STORMS I
A% UTPUT 10/15/67 1/8/68 4/26/68 8/14/68 LOW ANNUAL
PARAM PERTUR- o FLOW FLOW
RUN 1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O 0.0 +1.6 -03 +0.5 0.0 +0.18
STORM R/F 158 276 192 2.95 STORM U/S
F 0.0
- CRO 0N coze 1,557 0.610 0.127 REF = 40
RW&1 691.5 a0 REF. R/O (IN.} SiM = 40 W -0.078
PERT. R/O {IN.)|  0.029 1.5820 0.6082 01278 SP +0.003
REF (R/FR/Q)] 545 1,77 3.14 232 SU -0.008
A% OF R/O -0.06 +0.17 014 +0.04 - -
STORM R/F 1.58 276 1.92 2.95 STORM U/S
RW63 3457 - 50 REF. R/O (IN.}|  0.029 1.667 0.610 0.127 reF=4p |F 0091
SiM= W -0.003
PERT. R/O (IN.)}  0.0294 1.5586 0.8089 0.1269 SP 40002
REF (R/FfR/Q)| 645 1.77 314 23.2 suU 00
A% OF R/C -0.07 -0.06 +0.01 -0.03
STORM R/F 1.58 276 1.92 2.95 STORM U/S
F o +0.001
AWE2 10373 + BO REE. R/O (IN)|  0.029 1557 0.610 0.127 REE = 40
— 1 sm- W -0.001
PERT. R/O {IN|  0.0294 1.5560 0.6098 0.1268 s 00
REF (R/F/A/O)| 545 177 214 232 sy 00
TABLE 6-114
SENSITIVITY ANALYSIS OF  oFsL (se21 ANNUAL R/F = 35.81 IN
EVAPOTRANSPIRATION NET = 26.35 IN
SUBWATERSHED NO. 11 2,551 50. KM TOTAL OBSERVED ANNUAL R/O = 12.82 IN
SIGNIFICANT STORMS
A% ' 9/14/68
PARAM | PERTUR- OUTPUT 10/28/67 1/8/68 5/8/68 8/20/68 LOwW ANNUAL
RUN 1D VALUE BATION FALL WINTER | SPRING SUMMER FLow FLow
A% OF R/O +0.1 +6.7 +12.3 24 EYRT) +0.30
STORM R/F 1.35 137 191 0.50 STORM UJS
RWG1 592.1 - 90 REF. R/O{INJ| 0,150 0.769 0.588 0.031 peF=g | F 000
Sm==8 w -0.074
PERT. R/O{INY  0.1504 ) X
' B! 0.8210 0.6597 0.0305 % 0137
i REF (R/F/R/OQ} 9.0 1.8 3.24 16.1 su  +0.027
A% OF R/O +0.01 +1.06 +2.31 -0.42
STORM R/F 1.35 137 1.9 0.50 STORM U/S
RW&3 2955 - 50 REF.R/O{INJ| 0150 0.769 0588 0.031 pep=g | F 00
reaT. /o N o sim= W 002
. . 1502 0.7775 0.6012 0.0311 s 0046
REF (R/F/R/O) 9.0 1.8 3.24 16.1 su +0.008
A% OF R/O -0.01 -0.41 -1.0 +0.17
STORM R/F 1.35 1.37 1.91 0.50 STORM U/S
RW62 88287 + G0 REF. R/O (IN.) 0.150 0.769 0.588 0.031 REF = 8 F 0.0
PERT. R/O (IN.) Sim = w -0.008
. g 01502 0.7662 0.5818 0.0313 s -0.020
§-140 REF (R/F/R/Q)| 9.0 1.8 324 16.1 SU +0.003
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‘SENSITIVITY ANALYSIS OF  uFsL - 90% PERTURBATION
SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 8-116

SIGNIFICANT STORMS
: AREA EPAET LOW ANNUAL
WATERSHED| (5. kM) {IN) OUTRUT FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O r
STORMR/F | LU4/63 | /23es | oiies | 81464 | g0 | sTORMUIS
SMALL 265 P REF. R/O 0.175 S 2m 198 0.255 REF = 7.9 :v
PERT.R/O §hv = P
REF (R/F/R/O)| 179 1.38 147 ‘8.3 su
RUN D A% OF R/O '
STORM A/F | WONE/ST | a/21/58 0058 | 81358 | o770 STORM U/S
SNOW 277 32 REF.R/O .0.033 0.039 0916 0.043 REF =3.0 :‘.’
PERT, R/O SiM = sP
REF (R/F/R/OY 91 —_ 1.94. . 25 su
RUN ID &% OF RO | +02 +0.6 +0.6 1.3 2.02 | +0.42
RW 61 &% OF oCT TAN aPR- - | AuG
MONTHLY R/O 0.0 022 F0.04 A.55 9/15/68 STOHVM /s
REGIONAL | 22,248 41 REF.R/O 0.099 0.980 0.487 0.064 ReF-gaq | F 0002
. - W .0.007
16914 REF) PERT. R/O 0.0889 0.9861 0.490 0.0633 $iM=631 | ¢ 001
REF. MONTH- . : 5U +0.014
REF. MI 0.177 3.634 -2.600 0.258
RUN ID A% OF R/O +0.7 +2.7 +1.2 -1.2 -2.94 +0.256
AW 61
10/15/67 * 1/8/68 4/26/68 8/18/68
UB. stormp/F |- 10567 . W Sag 579 0/25/68 STORM U/S
WATERSHED [ 2326 50 REF. R/O 0.045 1.609 0.749 0.059 REF=34 | F D008
NO, W -0.030
1 PERT. F_UO 0.0450 1.6622 - 0.7SB‘D 0.058¢ SIM= 33 P .0.013
. :
(4874 REF) REF (R/FR/OY| 48 - 118 - | --466 | 465 SU +0.013
AUN ID A% OF R/O +1.4 0.3 0.1 1.0 0.0 +0.22
AW 61
STORM R/F 10/15/67 1/9/68 4/25/68 7/31/68 9/2/68 STORM U/S
SUB- 2.51 3N 1.70 2.21
WATERSHED 813 50 REF. R/O 0.005 2170 0521 0.117 AEF=23 | F 0016
NO. : W +0.004
3 PERT. R/Q 0.0961 2.1635 05203 0.1161 SIM=23 | & 40001
13415 RER) REF (R/F/R/0)| 264 1.43 3.26 18.9 SU +0.811
RUN ID A% OF R/O 0.0 ) +25 +2.7 -0.3 0.0 +0.13
RW 61 - -
10/15/67 78768 4/25/68 8/13/68
suB. STORMR/F | 'Phn 208 e P 9/29/68 STORMU/S
WATERSHED| 1,064 a7 REF. R/O 0.036 1.907 0.921 0.086 REF=¢ | F 90
0. : W 0028
oo e PERT. R/O 0.026 1.9542 0.9466 0.0858 5IM = 4 P 0,030
REF (R/E/RIO)] 30 1.06 107 25.8 su +0.003
RUN ID A%OFRO | 00 +1.6 0.3 +05 0.0 +0,18
RW &1
015767 | 178768 4/26/68 8714/68
“os. sToRMR/F | L0 208 $i28 vy 8/30/68 STORM U/S
WATERSHED| 1 499 40 REE, R/O 0.029 15567 0.610 0127 ReF-=a0 | F 00
N]?- w 0.018
PERT. R/O 0.029 1.5820 0.6082 0.1278 SIM = ag
{6915 REF) 5P +0.003
: REF (R/F/R/OIf 545 1.77 3.14 232 SU -0.005
AUN 1D A% OF R/Q +0.1. +6.7 +12.3 24 RYRT 0,30
RW 61 28/67 1/8/68
T Il I - ol T BT
WATERSHED | 5 55 30 REF. R/O 0.15u 0.769 0.588 0.031 Rep=g | F 000
. W .0,074
1
PERT. R/O 0.1504 0.8210 0.6597 0.0305 SiM=8
{5921 REF) 5P .0,137
REF (R/F/R/OY 9.0 1.8 . 3.2¢- 16.1 SU +0.027
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SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 6-118

SENSITIVITY ANALYSIS OF oFsL -50% PERTURBATION

SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED | 100 km) ™ ouUTPUT FLOW FLOW
FALL WINTER SPRING SUMMER
RUN IO A%QFR/O | +228 +1.3 06 +1.9 5.1 +0.24
TO 75
sToRMa/F | 174763 1/23/64 S/ Baea 9/27/64 | STORMU/S
B - F  .pas8
SMALL 365 a5 HEF. R/O 0175 2.3 194 0.255 REF = 7.9 w e
(1550 REF) PERT. R/O 0.22 234 183 0.28 5M=75 ¢ 002
REF (R/FfR/OY| 17.9 1.38 147 8.3 SU -0.188
RUN 1D 4% OF R/O 0.0 0.0 0.0 0.0 0.0 0.01
30 sToRMR/F | 10/18/57 | 42158 B10/58 | 81356 | o758 STORMU/S
F
SNOW 77 32 REF.R/D 0.033 0.038 0,916 0.043 REF=30 | g-g
{1000 REF) PERT. R/Q 0.033 0.039 0.916 0.043 SIM=30 [sr pp
. su
REF (R/F/R/OI] 81 _— 1.94 25 0.0
RUN ID &% OF R/O +0.02 +0.24 +0.02 -0.27 T -
AW 63 3% OF ocT JAN APR AUG
[MONTHLY R/0| 40 01 0,05 0.05 029 9/15/68 ?02"; uis
REGIONAL 22,248 a1 REF. R/O 0,099 0.980 0.487 0.064 REF =644 | 005
{6914 REF) PERT. R/O 0.988 0.0822 0.4873 0.06395 8IM=""1 gp gp
REF, MONTH- 5U +0.005
RE 0.177 3.634 2,600 0.258
AUN 1D A% OF R/O +0.07 +0.80 +0.04 018 - --
RW 63 STORM A/F | 10715767 1/8/68 4/26/68 8/18/68 p—— STORMU/S
SUB- 2.18 1.91 3.49 279
WATERSHED| 2326 50 REF. R/O 0.045 1.609 0.749 0.059 REF=34 | F 00
NQ, W 0016
1 PERT.R/O 0.0447 1.6221 0.7494 0.0586 SM=-—— | 5 gg
14974 REF)
REF {R/F/R/0)| a3 118 485 a6.5 SU +0.032
RUN ID A% OF R/O +0.12 0.21 0,11 017 - - - -
RW 63 10/15/67 1/9/68 4/25/68 7/31/68
s STORMR/F | DLT o HET e 9/2/68 STORMU/S
' F
WATERSHED [  g4q 50 AEF. R/O 0.095 2170 0521 oz REF =23 0.002
NO. W +0.004
3 PERT. R/O 0.0849 2.1650 0.5204 0.1170 SM="""1 gp +p.oo2
3415 REE -
{ ! REF (R/F/R/O)| 264 1.43 3.26 189 5U +0.003
RUN 1B A% OF R/Q +0.04 +0.42 +0.48 0.07 -- --
RW 63
10/15/67 179768 4/25/68 8/13/68
sum. STORM R/F 108 204 Yen 52 9/20/68 iTOHM uss
WATERSHED | 4 ngq 37 REF,R/O 0.036 1.907 0.921 0.086 REF =4 0.0
NSO. W 0008
SiM =~ ~ .
(4892 REF) PERT. R/O 0.0358 19150 0.9259 0.0860 SP 0.010
REF (R/F/R/O)| 30 1,06 1.97 75.8 SU +0.001
AUN 1D A% OF R/Q -0.08 +0.17 014 +0.04 -- --
RW 63
STORMR/F | 10715767 1/8/68 4/26/68 8/14768 0/30/68 STORM U/S
SUB- 1.58 276 1.42 2.95 php
WATERSHED . F +0.
1. REF. R/Q 0.029 1557 0.610 0.127 REF = 40
NO. 40 W -0.003
7 =
PERT. R/O SIM =
{6915 REF) 4 0ozea | 1559 0.6089 0.1269 SP +0.002
REF R/F/R/0I| 545 177 314 232 su 0.0
RUN ID A% OF R/O +0.01 +1.06 +2.31 D42
RWG3 10/28/67 178/68 5/8/68 8/20/68
SUB. STORM R/F e s T o 50 9/14/88 STORMU/S
WATERSHED| 3559 30 REF, R/O 0.150 0.768 0.588 0.031 REF =9 F 00
NO. w 0021
n PERT.R/O 0.1502 0.7775 06012 0.0311 SIM = 5P -0.046
{5921 REF} SU +0.008
REF [R/FfR/O)} 9.0 1.8 3.24 16.1 -
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TABLE #1717

SENSITIVITY ANA LYSIS OF oFsL +50% PERTURBATION
SMALL, SNOW & REGIONAL WATERSHEDS

SIGNIFICANT STORMS
AREA - EPAET Low ANNUAL
WATERSHED| 1501 Km) Ny ouTPUT FLOW FLOW
FALL WINTER SPRING SUMMER .
RUN ID A% OF R/O 22 | 0s +0.4 47 +3.80 0.4
TO 78 E
sTomRsr | Jded | ZNE A 814/ | wzzes | sTORMUIS
y -9 |F D24
SMALL 365 a5 REF. R/O 075 231 | 194 0.255 REF=79 1 v 0016
(1550 REF) -
PERT. R/O ~ 0.15 229 1,95 0.24 SiM=82 | cp +0.008
REF {R/EMR/O) 178 138 147 83 S0 0004
RUN 1D 4% OF R/O 0.0 0.0 0.0 0.0 0.0 £2.01
3
sToRMA/F | 01857 | 4/21/58 si19/8 | 813%8 | orr5m STORM U/S
F 00
SNOW 277 32 REF. R/O 0.033 0.039 0.016 0.043 REF=30 | o
(1000 REF) I
PERT. R/O 0.033 0.033 0.918 0.043 SM= 3,0 5P 0.0
sU 0.0
REF (R/F/R/O)} 91 - 1.94 25
RUN ID A% OF RO .01 017 +0.01 +0.12 - -
AW 62 A% OF ocT JAN AFR AUG
moNTHLY R/o| 0.0 +0.01 +0,03 «0.05 | #15/68 | STORMU/S
REGIONAL | 22,248 41 REF. R/O 0.099 0,980 0.487 0.064 REF=644 | T 00
{6914 REF} — _ W -0.004
PERT. R/O 0.0987 0.9782 0.4872 0.0642 5IM=_— | sp 0.0
REF. MONTH- SU +0.002
LY RIO 0.177 3.634 2.600 0,258
RUN ID A% OF R/O 0,03 0,55 +0.03 +0.09 - .
RW 62
10/15/87 178/68 /26768 8/18/68
SUB. STORM R/F 216 o1 P 579 9/25/68 iTo::l u/s
WATERSHED| 2328 50 REF. R/O 0.045 1.600 0.749 0.059 REF = 34 -
NO. w 0.01
1 PERT. R/O 0.0447 1.600 0.7493 0.0587 SIM=—— [ gp po
(4974 REF} +).003
REF |R/FRIOY| 48 118 4.65 465 su +0.00
RUN ID A% OF R/O .0.05 +0.11 +0.05 +0,05
RW 62 .
' STORMR/F | 10/15/67 | 1/2/c8 aizsjes | 7/31/68 | o568 STORMU/S
suB- : : : :
WATERSHED|  51a 50 REF. R/O 0.095 2170 0521 0.117 Rer=23 | F 0007
ND. W +0.002
3 PERT. R/O 0.0047 2.1720 0.5213 0.1173 SIM = & +0.001
(3415 REF)
REF (R/F/R/O)]| 264 1.43 3.26 18.9 SU +0.001
HUNZID A% OF R/ +0.04 0.16 0,17 .0.02
RW B
10/15/67 1/9/68 4/25/68 8/13/68
suB. STORMR/F | s 20s Too 333 9/29/68 STORM U/S
WATERSHED| 1 pgq 37 REF. R/D 0,036 1.907 0921 0.085 ReF=aq [ F 00
Nso. W 0.003
(4692 REF) PERT. R/O 0.0358 1.9039 0.9199 0.0861 SIM = SP 0.003
REF (R/F/RIC)| 30 1.06 197 25.8 SU 0.0
RUN ID 4% OF R/O .0.07 -0.06 +0.01 003
RW B2
e ‘sTorma/F | 0067 | 2B yzgie8 | BIIMEE | omums | sToAmurs
WATERSHED| 4 119 40 REF. R/O 0.029 1657 0.610 0.127 peF-40 | F 10001
N;). W 0.003
(6915 RED) PERT. R/O 0.0294 15560 0.6098 0.1268 SIM = P o
REF (R/F/R/OI| B4S 177 3.14 23.2 sU 0.0
RUNID A% OF R/O o.M 0.41 -1.0 +0.17
RWE2
SuB- SToRM R/F | 1028767 | 1ErEa 5/8/63 812068 | o14/e8 | sTORMU/S
WATERSHED| 5651 30 REF. R/O 0,150 0.769 0.588 0.031 REF =9 F oo
n:c:. ‘ W -0.008
T. R/C X 3 5 A =
(5921 REF} PERT. R/ 0.1502 0.7662 0.5818 0.0311 sim sp 0.020
REF (RAER/OI| 2.0 18 324 16.1 U +0.003
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{OFSL - OVERLAND FLOW SURFACE LENGTH/OBTAINED
DIRECTLY FROM TOPOGRAPHICAL DATA)

SMALL W/S AREA 365 50. KM SENSITIVITY ANALYSIS RESULTS

SNOW W/5 AREA 277 0. KM +0.3% VARIATION IN RUNOFF

REGIONAL W/5 AREA 22,248 50 KM
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Figurs 6-23. Overland Flow Surface Length Study, Winter Storms
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OVERLAND FLOW SURFACE LENGTH 472M
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Figure 6-24. Overfand Flow Surface Length Study, Small V/atershed



6.3.12 OFMN, OVERLAND FLOW ROUGHNESS COEFFICIENT

OFMN is Manning's n roughness coefficient for overland flow on
soil surfaces and may be estimated from Table 6-118.

The parameter is indirectly obtainable from land-use classification
using the above table.

Sensitivity analysis results of the small watershed shows that OFMN
is most influential during the fall season, when it has a unit sensitivity
of -0.458 for a perturbation of -50%. For all practical purposes it has
no influence in the other watersheds.

The overland flow contribution to streamflow is inversely procortichnal
to OFMN, as it is to OFSL. In the fall the relative contribution of
overland flow to streamflow is greater than in other seasons. The
influence of OFMN is accordingly greater in the fall.

Results appear in Tables 6-119 through 6-127 and Figure 6-25. For

Tables of OFMN perturbed by -50% and +50%, the results are approximately
the same as for OFSL, Table 6-116 and 6-117.

Table 6-118. Manning’s Roughiness Coefficient for Overfand for Various Surface Types (Chow)

WATERSHED SURFACE MANNING'S n
Smooth Asphalt or Concrete (Trowel Finish) .013
Rough Asphalt 016
Concrete {Unfinished) 017
Smooth Earth 018
Firm Gravel 020
Cemented Rubhle Masonry 0256
Pasture {Short Grass) .030
Pasture (Heavy Grass) or Cultivated Area {Row Crops) 035
Cultivated Area {Field Crops) .040

Scattered Brush, Heavy Weeds, or Light Brush & Trees

{ Winter) .650
Light Brush & Trees {Summer) ] 060
Dense Brush {Winter) 070
Dense Brush {Summer) or Heavy Timer 100
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TABLE 81719

SENSITIVITY ANALYSIS OF oFmn (0.05) ' ANNUAL R/F = 58.23 [N

EVAPOTRANSPIRATION NET = 24.24 [N
~ SMALL WATERSHED 365 50. KM _ TOTAL OBSERVED ANNUAL R/O = 31.38 IN
SIGNIFICANT STORMS ‘
A% ' ' 9/27/64

RUN PARAM PERTUR- OUTPUT 11/4/63 1/23/64 5/1/64 8/14/64 LOW ANNUAL

D VALUE BATION : FLOW FLOW

FALL WINTER SPAING SUMMER
A% OF R/D +907 | +26 08 - - - -

STORM R/F 313 319 2.87 | 2.16 ' STORMU/S
D075 0.001 -100 REF.R/O (IN}{ 0.175 23 194 0.265 _ F 0807
REF=738 | . o0

SIM = — :
PERT. R/O (1M} 033 237 1.3 - ’ SP +0.006

REF (R/F/R/OI]  17.9 1.38 147 8.3 U -

4% OF R/D +22.9 3 06 +7.9 © 506 +0.24
STORM R/F 3.13 319 - 2.87 - 2.16 STORM U/S
0850 0.025 - 50 |mer.mr/o um)| oazs 231 | 194 0255 - F D458
REF=79 (w _gom

SIM= 7.5 -
PERT. R/O [(IN) 0'22. |- 234 1.83 0228 SP +0.012
REF (R/FR/OY 179 1.38 1.47 83 SU -p.188

A% OF RO -122 038 cana | a7 +3.80 0,14
STORM R/F 3.13 ‘319 2.87 216 STORM /S
To81 0.076 +50 |mEF.Rm0 N oa7s . | 23 1.9 0.255 Foo-D2a
- REF=79 |w -pol6
PERT.R/OINH 015 2.29 195 . | o024 BM=82 | o L0008
REF {R/EfRID}| 179 1.38 1.47 8.3 sU -0.094

a%O0FR0 | 97 | 14 +0.7 L= - -
STORM R/F 313 3.19 2.3‘7 ) '2:16 STORM U/S
D52 0.19 «100  |REF.R/O ON)|  0.175 231 1.94 0.255 o Foo-0.a97
REF =74 w -0.014
PERT.R/O M)  0.14 228 196 - M= e o0
' o6-147 REF (RIF/R/ON 170 2.19 1.47 8.3 U
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TABLE 8120

ANNUAL R/F = 33.38 IN
SENSITIVITY ANALYSIS OF  ofwn i0.38) EVAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 2775Q. kM TOTAL OBSERVED ANNUAL R/O = 10.03 IN
‘ SIGNIFICANT STORMS
9/7/58
A% ; 10/18/57 4/21/58 5/10/58 8/3/58 Low ANNUAL
PARAM PERTUR. | OUTPUT FLOW ELOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O 0.0 0.0 +3.2 02 0.0 +0.01
STORM R/F 2.09 0.0 1.78 1.08 STORM /S
% 00001 -100 REF.R/O (IN)|  0.033 0.039 0.916 0.043 reF-29 | F 90
SiMm= 30 w 0.0
PERT. A/OOINY  0.033 0.039 0.945 0.043 o 0082
REF (R/F/R/OH &1 —_ 1.94 5 SU  +0.002
A% OF R/O 0.0 0.0 00 0.0 0.0 -0.01
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
3 | o01m .50 |REF.ROUN}| 0033 0.039 0.916 0.083 rer=3g | F 09
sm=30 |w 00
PERT, R/O (N 0.033 0.039 0916 0.043 P 0.0
REF (R/F/R/OV| 91 — 1.94 25 su 0o
4% OF R/C 0.0 0.0 0.0 0.0 0.0 0.0
STORMR/F | 299 0.0 1.78 1.09 STORM U/S
42 0.525 +50 |Rrer.rotny|  oo3s 0.039 0.916 0.043 pEE=ap " o0
Sim=30 | W OO
PERT. R/O UIN.]  0.033 0,032 0916 0.043
00
REF(R/FRIOY] @ — 1.04 25 su 00
A% OF R/0 0.0 0.0 0.0 0.0 0.0 001
STORMR/F | 299 0.0 1.78 1.09 STORM /S
44 070 +100  |REF. R/ Iyy]| 0033 0.039 0916 0.043 ReF=30 | 00
SiM=30 | W 0.0
PEAT. R/O (IN)]  0.033 0.039 0.918 0.043 @ 00
6-118 REF (RE/RIOY o1 -— 194 25 su 00
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TABLE 6121 S
ANNUAL R/F = 41.89 IN

SENSITIVITY ANALYSIS OF  OFMN (0.066] : .  EVAPOTRANSPIRATION NET = 32.80 IN
REGIONAL WATERSHED 22,248 SQ. KM TOTAL OBSERVED ANNUAL R/O = 16.41 IN
NIFICANT STORMS
Sie 9/15/68
A%
AUN paranm | pERTUR. 10/28/67 1121/68 5/0/68 8/11/68 LoW ANNUAL
o VALUE | BATION OUTPUT FALL WINTER | SPRING SUMMER FLOW FLOW
A% OF RfO +5.4 +1.4 717 . -3.6 -7.46 +1.28
A% OF ocT JAN APR AUG
MONTHLY R/0] +1.69 -0.85 050 | 349 STORM LI/S
: F 0054
64 0.001 -100 REF. R/O [IN}| 0.099 0.980 0.487 0.064 _
— REF=544 | w -0.014
PERT. R/O (IN)| 0.1040 09937 0.4953 0.0618 SiM =595 | gp 0.017
Rer | o7 . 3634 2,600 0.258 - ] 8J-0.038
A% OF R/O +0.02 +0.24 +0.00 -0.27 - -
A% OF GCT JAN APR G
MONTHLY R/O]  40.01 -0.058 -0.05 ) -o‘.\z'é STORMU/S
6 - | oo - 50 REF. R/O (N) | 0.099 0.950 0.487 0.064 : F 00
: REF=644 |w -0,005
PERT. R/0 (IN}] 0.0088 0.9822 0.4872 0.0639 SM= ~ | e g0
REFMONTHLY | 0177 3g34 | 2600 | ozm8’ 8L -0.005
A% OF R/O -0.01 017 +0.02 +0.12 - -~
a% OF oCT JAN APR AG6 |
MONTHLY Rf0] 0.0 0.01 +0.03 +0.13 im“'“ u/s
¥ 0.0
) + 50 REF.R/0 (N) | 0.099 0.950 . 0487 0.064 :
65 0.099 ‘ ereeas | W 00w
PERT. R/ (IN)] 0.0087 ° no7rez | 04873 - 0.0642 smM= — | s oo
N I
REF.MONTHLY | 0177 - |- 3634 2600 | oszss S4 +0.002
TABLE §-122 ‘ o
. . ANNUAL R/F = 58.30 IN
SENSITIVITY ANALYSIS OF  oFtN (0.056) * EVAPOTRANSPIRATION NET = 40.29 IN
SUBWATERSHED NO. 1 2,326 5Q. KM B . : TOTAL OBSERVED ANNUAL R/O = 19.63 IN
SIGNIFICANT STORMS: ,
A% ‘ - 9/25/68
RUN PARAM PERTUR T . - 4/26/68 ' L OW ANNUAL
D VALUE BATION OuUTPU 10/158/67 _wsgss . / ] B/18/68 FLOW £LOW
FALL WINTER | - SPRING SUMMER
A% OF R/O +215 159 +83 54 882 +0.86
STORM R/F 2.16 101 T 349 279 STORM U/S
84 0.001 -10e  |REF RO ON 0.045 1609 | 0740 0.059 _ F o -0.215
REF=34 |, _gose
PERT. R/O {IN)|  0.0543 17041 | 08115 ooss5 | ™73 b opsa
REF {R/E/R/OI| 48 118 " 465 465 sy -0.054
A% OF R/Q +0.07 +0.80 +0.04 016 - -
STOhM R/F 2.16 , . 1o 3::49 2.79 STORM U/S
66 0.029 - 50 {REF. R/O(IN) 0.045 1609 | D749 "0.059 Fo-000
: : REF=38 |  _oote
PERT.-R/O (N 0.0847 1.6221 0.7494 ooses | “M7 T o oo
REF {R/F/R/O}] 48 "1.18 © 466 465 ' su  +0.003
A% OF R/O 002 | -055 +0.03 +0.09 - -
STORM R/F 2.16 1.91. 3.49 2.79 STORM U/S
65 0.084 + 50 |REF. R/O(IN) 0.045 1.609 0.749° 0,059 F 00
REF=34 | _g.0M
PERT. R/O (IN.)]  0.0447 16005 | 0.7493 ooss7 | W= - L o e
6-149 REF (R/F/R/Q} a8 1.18 465 46.5 SU  +0.002
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TABLE 6-123

‘ ANNUAL RfF = 63.88 IN
SENSITIVITY ANALYSISOF  oFmN (007} EVAPOTRANSPIRATION NET = 37.42 IN
SUBWATERSHED NO.3 13 50. KM TOTAL OBSERVED ANNUAL R/O = 26.14 IN

. SIGNIFICANT STORMS o268
RUN ID PARAM PERTUR- |  ourpuT 10/16/67 1/9/68 4/25/68 7/31/68 Low ANNUAL
VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER
s%OFRi0 | +227 .3 +36 +2.6 435 +0.62
STORM R/F 251 an 1.70 2.21 STORM U/S
F 0227
54 0.001 100 REF. R/O (IN)|  0.085 2170 0.521 0.117 REF=23 | _o013
' 5iM= 22 :
PERT. RO N 01163 21988 0.5398 0.1204 1o oo
REF (R/FMM/0)|  26.4 1.43 3.26 18.9 sU -0.026
A% OF RIO +0.11 o -0.11 017 - -
STORM R/F 261 2,11 1.70 2.21 STORM LI/S
F «0.002
6 0.036 - 80 REF. RO (N | o.005 2170 0.521 0.117 REF=23 |y +0.004
PERT. RO N 0.0843 2.1650 05204 0.4171 SIM= — e sg002
P ) +0.003
REF (R/F/R/O)| 264 1.43 2.26 18.9 wu
A% DF R/O -D,06 +0.11 +0.05 +0.05 - -
STORMR/FF | 251 31 1.70 221 STORMU/S
' F o -0.001
& 0.105 + 50 REF. R/D{IN.)| 0,098 2170 0.521 0.117 REF - 23
REF-23 |w +0.002
PERT. R/O (IN.)} 00948 2.1720 0.5213 0.1173 P +0.001
REF (R/E/R/0)| 264 1.43 3.26 18.9 U +0.001
TABLE 8124 ANNUAL R/F = 48.24 IN
SENSITIVITY ANALYSIS OF  ofmn (0.068) EVAPOTRANSPIRATION NET = 27.87 IN
SUBWATERSHED NO.5 1,064 §0. KM TOTAL OBSERVED ANNUAL R/O = 22.36 IN
. SIGNIFICANT STORMS 9/29/68
A% - 10/15/67 1/9/68 4/25/68 8/13/68 Low ANNUAL
PARAM PERTUR- | ODUTPUT FLOW FLOW
RUN 1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O 0.0 +3.8 5.1 16 00 . +0.36
STORMR/F | 1.08 2.04 1.82 2.22 STORM U/S
64 0.001 -100 REF. R/OUN.Y| 0036 1.907 0.921 0.086 reF=4 | F 0O
SIM=4 | W -0.038
PERT, R/Q {IN.) 0.036 1.9808 0,9688 0.0847 SP -0.05%
i
1 REF (R/F/R/O)| 30 1.06 1.97 25.8 SU +0.016
r 4% OF R/Q +0,04 +0.42 +0.48 007 - -
STORM R/F 1.08 204 1.82 2,22 STORM U/S
F 0.0
66 0.034 - 59 REF. A/O UN.}| 0.036 1.907 0.821 0.086 REF =4
SiMe — | w -co08
PERT. R/O {IN.]  0.0358 1.9150 0.9259 0.0860 P -0.010
REF (R/F/R/CI| 30 1.06 1.97 25.8 U +0.0m
AKOFR/O | +0.04 -0.16 0.7 -0.02 - -
STORM R/F 1.08 2.04 1.82 222 STORAM U/S
65 0.102 + 50 REF. R/O{ING|  0.036 1.907 .92 0.086 ReF=a |00
SiM= . |w -0.003
PERT. R/0 (IN)|  0.0388 1.9039 0.9199 0.0861 sP -0,003
6-150 REF (R/F/R/O)| 30 1.06 1.97 25.8 su 00
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| TABLE 6125 ANNUAL R/F =50.93 IN
AL R/F = 50.
SENSITIVITY ANALYSIS OF  ofmN (0.085) EVAPOTRANSPIRATION NET = 33.02 IN

SUBWATERSHED NO.7 1,111 50Q. KM . . TOTAL OBSERVED ANRUAL R/O = 18.29 IN
SIGNIFICANT STORMS 9/30/68
A% 10/15/67 1/8/68 4/26/68 8/14/68 LowW ANNUAL
PARAM PERTUR- OUTPUT FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF RfO +6.7 +6.4 150 +26.0 5.0 +1.01
STORM R/F 1.58 2.76 192 2.95 STORM U/S
- F  -0.067
- : . . . 0.61 0.127 REF = 40 ’
64 0.001 100 REF. R/O{IN.}| 0.028 1.557 : o ‘ e = |w o0
. IPERT, R/O (INL)] 00314 1.6673 05408 | 0.1597 SP D050
REF (R/F/R/Q}| 545 1.77 314 23.2 sU -0.259
A% OF R/O -0.06 +0.17 -0.14 +0.04 _ -
STORM R/F 158 2,76 . 182 288 STORM U/S
66 0.0233 - 50 REF. R/O (IN | 0.029 1.557 0.610 . 0.127 Rer=4p | F 1000
' sm=— |w -0.003
PERT. R/ (IN.)|  0.0204 16596 0.6039 0.1270 s 0002
REF (R/F/R/OI] 545 177 314 232 su 0.0
A% OF R/O -0.07 006 - +0.01 -0.03 - -
STORM R/F 1.58 276 1.92 2.95 STORM U/S
- . F o -0.001
65 0.0%8 + 50 HEF.R/O(INJ| 0,029 1.557 0510 0.127 REF = 40
- : simM= — |w -oo0
PERT. R/0 (INJ|  0.02094 15660 06098. | 01269 s 00
REF (R/F/R/O)| 545 17 314 23.2 su oo
TABLE 6-126 7
SENSITIVITY ANALYSIS OF  ofmwN 0.073) : AL R 3 N T = 26.35 I
SUBWATERSHED NO. 11 2,651 5Q. KM © ' TOTAL OBSERVED ANNUAL H/O = 12.82 IN
SIGNIFICANT STORMS
A . - 9/14/68
PARAM |~ PEgéTUH. ouTPUT 10/28/67 1/8/68 s/gfes | -8/20/68 | LOW ANNUAL
RUN 1D VALUE BATION FALL winTer | sPRinG SUMMER FLOW Frow
A% OF RO +3.8 +10.7 +17.3 5.7 2232 +1.63
STORM R/F 1.5 137 . 1.81 050 STORM U/S
64 0.001 -100 AEF. R/O (N 0.150 0.769 0.588 0.031 pee-g | F 0.0
PERT. R/0 (IN)|  0.1560 0.8519 o , sm-7 | W 0107
. . . } . 6895 0.0295 @ 0473
REF (R/F/R/D)] 0.0 1.8 324 16.1 SU -0.057
A% OF R/O +0.01 +1.05 +2.30 -0.42 - -
STORMR/F | 135 137 199 | o050 STORM U/S
66 0.037 - 50 REF. RO (INJ | 0150 0.769 0.588 0.031 pee<9 | F 09
PERT. R/O {INJE 0.1502 0.7775 0.6011 Sita=— | W -002
. . . . X | ooem P -0046
REF (R/F/R/O) 9.0 18 3.24 16.1 5U +0.008
A% OF R/O -0.09 -0.4% 0498 +0.17 - -
STORM R/F 1.35 1.37 191 0.50 STORM U/S
65 0.1 + B0 REF. R/O (IN.}|  0.150 0,769 0.588 . 0031 REf=9 | F 900
PERT. R/O (N  0.18D2 0.7662 0.5818 - SM=— W 0008
. . . \ 058 00313 & 0020
6-151 " |REF (RIFfRIO)} 9.0 18 324 18.1 SU +0.003
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‘ TABLE 6127
SENSITIVITY ANALYSIS OF

OFMN —100% PERTURBATION {0,048 - 0.36}
SMALL, SNOW & REGIONAL WATERSHEDS
SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED| 50 kM) {1y OUTPUT FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O +20.7 +2.8 -0.6 - - e
bo79
11/4/63 1723764 5/1/64 8/14/64
STORMR/F | 313 318 287 518 9/27(64 STOAMU/S
F-0.907
SMALL 365 45 REF. R/O 0.175 2.3 1.04 0.255 REF =79 w0028
PERT. R/O .33 2.37 1.93 —_ SIM = —— SP +0.006
REF tR/FIR/O)| 179 138 147 8.3 U —
RUN ID A% OF R/O 0.0 0.0 +3.2 0.2 0.0 +0.01
37
j0/18/57 | a/21/58 5/10/58 8/13/58
STORM R/F 599 op Y18 i 9/7/58 STORM U/S
sNOw 277 a2 REF. R/O 0.033 0.039 0.915 0.043 REF = 3.0 :v 0.0
0.0
PERT. R/O 0.033 0.039 0.945 0.043 5IM = 3.0 SP _0.032
+0.002
REF (R/F/R/O)E @ — 1.04 25 SU +0.00!
RUN D A% OF R/O +5.4 +1.4 +1,7 -38 -7.45 +1,25
AWG4
A% OF ocT JAN APR AUG
MONTHLY R/0| +1.69 .0.85 +0.50 .3.40 9/15/68 STORM U/S
REGIONAL | 22248 a1 REF. R/O 0.059 0.980 0.487 0.064 REF=ga4 | F -0.054
W o.0.014
PERT. R/O 0.1040 0.9937 0.4953 0.0818 SIM=596 | sp -0.017
REF, MONTH- SU - 0.036
R 0.177 3634 2,600 0.258
RUN ID A%OF RO | +21.5 +5.9 +6.3 -5.4 -8.82 +0,86
RWG4
10/15/67 1/8/68 4/26/68 8/18/68
SUB. STORM R/F 216 101 149 5.79 9/25/68 STORM U/S
WATERSHED| 2326 50 REF, R/O 0.045 1.609 0.748 £.069 REF=34 | F 0215
w -0.059
1 =
PERT, R/O 0.0543 1.7041 0.8116 0.0855 SIM=31 | gp 1 oes
REF [R/F/R/O}] 48 1.18 4.65 46.5 SU -0.054
RUN 1D AR OF R/O | +227 +1.3 +3.8 +2.8 -4.35 +0.62
AWG4
sTormR/e | D08/67 1 11968 4i25/68 | T31E8 1 yiages STORM U/S
SUB- : - : :
WATERSHED | 214 50 REF. R/O 0.085 2.170 0.521 0.117 ReF=23 | F 0227
w -0.013
3 PERT. R/O 0.1163 2.1988 0.5398 0.1204 sm=22 | g g0ag
REF [R/F/R/O)| 264 1.43 3.26 18.9 SU -0.026
RUN 1D A% OF R/O 0.0 +3.8 +8.1 -1.8 0.0 +0.36
RW64
10/15/67 1/9/68 4/26/68 8/13/68
SUB- STORM R/F o8 204 Ta2 323 8/29/68 STORM U/S
WATESSHED 1,064 37 REF. R/O 0.036 1.907 0.921 0.086 REF =4 F oo
' W 0038
5 3
PERT, R/Q 0.036 1.9808 0.9688 0.0847 SiM= 4 P .0.051
REF (R/F/R/OH 30 1.06 1.97 26.8 SU +0.018
HUI\&ID A% OF R/O +6.7 +8.4 +5.0 +259 5.0 +1.01
RW
SUB. sTormRyp | 10015/67 | J/B/G8 426/68 | BIM6E | oo | sToRmu/s
WAT,EESHED .m 49 REF. R/Q 0.029 1.557 0.610 0.127 REF = 40 F .0.067
7 W .0.054
PERT, R/Q 0.0314 1.6573 0.8408 0.1597 SIM=38 | s 0050
HEF (R/F/R/O)| 545 1.77 3.14 232 SU -0.259
RUN ID A% OF R/O + 38 +10.7 +17.3 -5.7 22,2 +1.63
RWg4
10/28/67 1/8/68 5/8/68 8/20/68
SUB. STORM R/F by 137 Ta1 oy a/ia/es STORM U/S
WATERSHED{ 261 30 REF. R/O 0.150 0.769 0.588 0.031 REF-o9 | F 003
" . W -0.107
PERT. R/O 0.1560 0.8519 0.6895 0.0295 SIM=7 s 0173
REF (R/ER/O)] 0.0 18 3.24 16.1 sS4 -0.057
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£5L-9

(DFMN - OVERLAND FLOW MANNING'S NUMBER/INDIRECTLY OBTAINABLE FROM LAND - USE
CLASSIFICATION]

6 SMALL W/S AREA 365 SC. KM SENSITIVETY ANALYSIS RESULTS
] SNOW W/S AREA 277 50Q. KM + 0.5% VARIATION IN RUNOFF
REGIONAL W/S AREA 22,248 50. KM
5 - & SWS 1 AREA 2,326 5Q. KM INPUT
%, SWS3AREA 8135Q. KM
4 #  SWS5 AREA 1,084 SQ. KM s VARIABLE -~ OVERLAND FLOW
9, : MANNING'S NUMBER
o)
3 ol s VARIATION = — —80%
+50%
2 SMay; NOTE: SENSITIVITY I SNOW WATERSHED IS NEGLIGIBLE
HEG
u '] Sy ’ONAL
r s
% : —
5 0 — E REGIONAL £0.5%
o SWS 5
‘
" O S «— ) RUNOFF
“ -1 - SMALL
-——._“
2
3
-4 -50% +B0%
-5
-6 —l_ I T T T g T T T T A 1
-100 -80 -60 -40 20 0 20 40 60 B0 100

A% OF OVERLAND FLOW MANNING’S NUMBER

* A FUNCTION OF TYPE OF SURFACE, TYPE AND DENSITY OF VEGITATION AND FOREST COVERS

Figure 6-25. Overisnd Flow Lanning’s N Study, Winter Storms



6.3.13 RGPMB, RECORDING GAGE PRECIPITATION MULTIPLIER

This parameter permits adjustment of the precipitation data. If,
during the calibration procedure, it is observed that simulated stream
discharge values are consistently high or low, it may be due to a
consistent under or over estimation of the precipitation gage data
which may be corrected by this parameter.

The precipitation data can be directly obtainable from climatological
data recorders, and eventually it will telemetered through communication
satellites.

Sensitivity analysis (Tables 6-128 through 6-137 and Figurs 6-26)
show the models to be very sensitive to changes in RGPMB, the effect
of which is to introduce a constant percentage bias in the precipitation
input. Over a long period of time, this bias accumulates a Targe excess
or deficiency in soil moisture, compounding the effects on output
accuracy. It would be more realistic to introduce random errors in
precipitation input, according to some probability density function,
to represent the inability of the precipitation gages and preprocessing
functions to synthesize a mean basin precipitation record. That would
be a worthwhile undertaking for some future jnvestigation. A small step
in that direction was taken in the snowshed sensitivity analysis, when
precipitation data was perturbed only during selected storms, as re-
ported in Paragraph 6.3.15,
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TABLE 6-128

SENSITIVITY ANALYSIS OF repms (1.0} ANNUAL R/F - 68.23 IN

EVAPOTRANSPIRATION NET = 24.24 IN
SMALL WATERSHED 365 50. KM TOTAL OBSERVED ANNUAL R/O = 31.38 IN
BIGNIFICANT STORMS
A% ; 9/27/64
RUN PARAM I perTuR. | o oir 13 | zares 5/1/64 8/14/64 Low ANNUAL
o VALUE BATION u ‘ FLOW FLOW
FALL WINTER SPRING SUMMER
A% OF R/D -403 | -1843 -13.4 -35.7 -22.18 -16.19
STORM R/F 313 319 2.87 2.18 STORM U/S
i +4.030
S005 0.9 - 10 |Rrer.Rr/o a1} 0178 2.31 1.94 0.255 REF =79 :v 4030
SIM = &1 +1.6
lPeRT. RO M) 0.0 1.94 1.66 0.16 8 s +1.440
REF {R/F/R/O) 17.9 1.38 1.47 8.3 SU +3.570
A% OF R/D +66.5 +16.8 +145 +45.4 +25.32 +16.55
STORM R/F 313 318 287 2,18 STORM U/S
soo | 14 +10 |REF.R oNI| 0475 2.31 194 0.255 T L
REF=79 |w  +1s80
PERT.R/O (IN}] 0290 2.68 2.22 0.37 99 b saso
REF (R/F/R/IOV|  17.9 1.38 147 8.3 SU  +4.540
TABLE 6129
EN RGPMB (1.0  ANNUAL RfF = 33.38 IN
SENSITIVITY ANALYSIS OF GPMB (1.0} EVAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 277 5Q. KM TOTAL OBSERVED ANNUAL R/O = 10.03 IN
SIGNIFICANT STORMS
9/7/58
A% 10/18/57 4/21/58 5/10/58 - 8/3/58 ANNUAL
PARAM PERTUR- | OUTPUT . 8 ,%ng FLOW
RUN 1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/D 96 +19.3 83z .| -252 500 | -1856
STORM R/F 299 0.0 1.78 " 1.09 STORM U/S
45 0.0 T REF. R/O (IN.) | 0.033 0.030 0.918 . 0.043 REF-20 | F 10960
- ‘ SiM= 15 | W +1.930
PERT. R/C{IN.]  0.030 0.047 0.840 0.032 SP +D.B30
REF (R/F/RIOH @ — 104 25 : SU +2520
: A%OFR/O | 4107 -135 +9.3 +28.2 - +18.99
STORMR/F | 299 a.0 1.78 1 109 STORM U/S
46 1.1 + 10 REF, R/OIINY| 0033 0.039 0.916 0.043 Rer=gq | £ +1070
— SIM= — W 41,350
PERT. R/O (IN.)| 0038 0.034 1.002 0.055 SP +0.930
i REF {R/F/R/O) 91 . 1.94 25 SU +2.820
TABLE 6130
ANNUAL R/F = 41.89 (N '
SENSITIVITY ANALYSIS OF  raevs (1.0 EVAPOTRANSPIHATION NET = 32.90 IN
REGIOMNAL WATERSHED 22,248 5Q. KM TOTAL OBSERVED ANNUAL R/Q = 15.41 18y
SIGNIFICANT STORMS
9/15/68
A% .
AUN PARAM PERTUR. 10/28/67 1/21/68 2/D/6% 8/11/68 LOW ANNUAL
D VALUE | BATION ouTPUT FALL WINTER SPRING SUMMER FLOW FLOW
A% OF R/Q -11.7 -18.2 -18.2 -22.5 ‘| -4304 -18.63
1% OF oeT JAN APR AUG
MONTHLY R/O} .21 -18.93 -17.15 -23.64 STORM U/5
RWO3 0.9 -10 REF, R/0 {IN} | 0.099 ¢.950 " 0.487 0,064 F +1.170
REF =544 | w +1.820
PERT. R/C ()] 0.09 0.80 0.40 0.05 SIM=361 |« g gon
o | 0477 3634 2.600 0.258 - | su+zs0
‘ A% OF R/O +12.6 +18.3 +185 +279 +80.90 +18.82
% OF cCT JAN APR AUG
MONTHLY R/O} +8.21 +19.07 +17.31 +31.40 STORM U/S
RWG2 11 +10 REF.R/O {IN} | 0.089 0.980 0.487 0.064 F +1.260
: REF=644 | w +1.830
PERT. R/O (IN) 0.11 1.16 O.EE: 0.08 SIM = 1165 $F +1.850
f ae o eanr 3634 2600 | 0.258 SU +2.790
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TABLE 6-131 .
ANNUAL R/F=69.20 IN

SENSITIVITY ANALYSIS OF nceme {1.0) EVAPOTRANSPIRATION NET = 40.20 IN
TOTAL OBSERVED ANNUAL R/C = 19.63 IN
SUBWATERSHED NO. 1 2,376 50. KM ‘
SIGNIFICANT STORMS
’ A% 9/25/68
RUN PARAM PERTUR T 10/15/67 1/8/68 4/26/68 8/18/68 Low ANNUAL
o VALUE BATION ouTeu 0415/ 2/ FLOW FLOW
‘ FALL WINTER SPRING SUMMER
A% OF R/O -13.6 -20.7 R -37.3 706 | -1957
STORM R/F 216 1.9 3.49 279 STORMU/S
F +1.360
AWO3 0.9 -10 REF.R/OIN.]| - 0.045 1.608 0.749 0.059 REF =34
am- s | W +2070
PERT. R/O (N 0.08 1.28 0.61 0.04 S +1870
REE (R/F/R0)| 48 118 465 465 | su +3730
A% OF R/O +18.1 +21.1 +19.7 +49.7 +50.0 +2053
STORM R/F 2.16 181 349 279 STORM U/S
AWO2 11 10 REF. RO (INY| 0045 1.609 0.749 D059 REF =4 ; +;-51’:g
.
- 5IM = 58 ’
PERT. R/O (IN. 0,05 1.95 0.80 0.09 SP +1.970
REF (R/F/R/O} 48 1.18 4.65 465 U 44970
TABLE 6-132
RGPMB (1.0 ANNUAL R/F = G3.88 IN
?Eauﬂg;ls!g:oﬁmp‘;:gi“? F 0. EVAPOTRANSPIRATION NET = 37.42 IN
- - TOTAL OBSERVED ANNUAL R/O = 26.14 IN
SIGNIFICANT STOAMS
‘ A% 9/2/68
AUN ID PARAM PERTUR- QUTPUT 10/15/67 1/9/68 4/25/68 7/31/68 LoW ANNUAL
VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER
4% OF R/O -1a4 -16.3 196 220 -3043 | -17.7
.STORM R/F 251 211 1.70 2.21 STORM W/S
RWO3 09 -10 REF. R/O (1N} | 0.005 2170 0.521 0117 REF = 23 F 1440
REF=Z3 fw  +1830
PEAT. R/O{INJ] 002 1.82 0.42 0.09 SP +1.960
REF [R/F/R/O}| 26.4 143 3.26 189 Su  +2.200
A% OF R/O +16.6 +16.4 +21.9 +278 +4348 | +18.37
STORM R/F 2.51 311 170 221 STORM U/S
RWO? 1.1 +10 REF.R/O N  o.085 2,470 0.521 8.117 _ F +1.660
::if—'gg W +1.640
PERT. R/O ()| 0.1t 2.53 0.64 0.15 N P +2.180
REF (R/F/R/OY] 264 1.43 326 189 WU +2,760
TABLE 61733
ANNUAL R/F = 48.24 IN
SENSITIVITY ANALYSISOF  rervs (10) EVAPOTRANSPIRATION NET = 27.87 IN
SUBWATERSHED NO.5 1,064 50. KM TOTAL OBSERVED ANNUAL R/O = 22.36 IN
SIGNIFICANT 5
TORMS 9/29/68
A%
PARAM PERTUR- OUTPUT 1015767 1/ores 4/25/68 8/13/68 IEE(\’JVW ﬁfguﬂAL
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O -12.2 175 -17.3 -148 -26.0 - -16.80
STORMR/F | 1.08 204 1.82 222 STORM U/S
RWO3 08 10 REF. R/O (IN.)|  0.036 1.907 0921 0.086 REF=4 | *1220
SiM=3 | W +1.760
PERT. R/O (MY 0.03 157 0.76 007 P +1.730
REF{R/F/R/O} 30 1.06 1.97 5.8 SU +1.460
A% OF R/O +12.8 +17.9 +18.0 +15.3 +75.0 +17.26
STORMR/F | 1.08 2.04 1.82 222 STORM U/S
RWO2 1.1 +10 REF, R/0 (IN3]  0.036 1.907 0.921 0.086 N
SiM= 7 W +1.790
PERT. R/Q (IN.]  0.04 2.25 1.09 0.10 SP +1.800
6-156 REF (R/F/R/OY 30 1.06 1.97 25.8 SU +1.530
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TABLE 6-134 ‘
ANNUAL R/F = 50.93 IN

SENSITIVITY ANALYSIS OF RcPmB (1.0} EVAPOTRANSPIRATION NET = 33.02 IN
SUBWATERSHED NO.7 1,111 5Q. KM TOTAL OBSERVED ANNUAL R/O = 18.29 IN
: SIGNIFICANT STORMS 9/30/68
a% ' : 1 1/8/68 /26 8/14/68 LowW ANNUAL
PARAM PERTUR- | OUTPUT B15/67 fer (M26/88 | 8141 FLOW FLOW
RUN (D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/D -13.7 -19.0 -20.4 -37.6 -40.0 -19.0°
STORM R/F 158 276 1.92 295 STORMU/S
RWO3 0.9 -10 REF.R/O(N]| opz3 1,557 0.610 0.127 REF=40 [F +1.370
_ SIM=24 [w +1.900
PERT. R/O{INJ]  0.03 1.26 0.49 o008 P +2.040
REF (R/F/R/OY] 545 177 314 23.2 SU +3.750
4% OF R/O +17.7 19.1 . 4225 +554 +57.5 +199
STORM R/F 1.58 276 1.2 2.95 STORM U/S
RWO2 11 +10 REF.R/O(IN)| o0.020 1.557 0.610 0.127 REF=40 |F *+1.770
sM=63 |w +t910
PERT. R/O N.)| 0.08 1.85 0.75 0.20 SP +2.250
REF.(R/F/R/O)] 545 1.77 3.14 2332 SU +5.540
TABLE 6-135
ANNUAL R/F = 36.81 IN
SENSITIVITY ANALYSIS OF rervs (1.0) EVAPOTRANSPIRATION NET = 26,35 IN
SUBWATERSHED NO. 11 2,651 50, KM . TOTAL OBSERVED ANNUAL R/O = 12.82 IN
SIGNIFICANT STORMS
S 9/14/68
A% : :
- OuTPUT 10/28/67 1/a/68 5/8/68 8/20/68 Low ANNUAL
PARAM PERTUR- FLOW FLOW -
RUN 1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O .71 -19.1 -208 -21.3 -3333 -18.07
) STORM R/F 1.35 1.37 1.91 0.50 STORM U/S
RWW03 0.9 -10 REF. R/O (IN.}|  0.150 0.769 0.588 0.031 AEF-g [T To0
. - BIM= B W +1.910
PERT. R/C (N 0,14 0.62 0.47 0.02 SP  +2.080
REF {R/F/R/OY| 9.0 1.8 3.2a4 16.1 ' 5U 42,130
A% OF R/O +7.3 +19.1 +22.4 +26.0 +88.9 +18.82
STORM R/F 1.35 1.37 1.9 0.50 STORM U/S
RWO2 11 +10 REF. R/O{INJ| 0150 0.769 0.588 0.031 REF=g | T 10730
; SiM=17 | W +1910
PERT. R/OUN) 016 0.92 0.72 0.04 P +224D
§-157 REF (R/F/R/O) 0.0 18 3.24 16.1 SU +2.600
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SMALL, SNOW & REGIONAL WATERSHEDS

_ TABLE 6136
"SENSITIVITY ANALYSIS OF  repmB —10% PERTURBATION (1.0)

SIGNIFICANT STORMS
AREA EPAET SUTPUT LOwW ANNUAL
WATERSHED| 50 M) {1N) FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A%OQFRI/C | _ap3 —16.1 ~144 —35.7 2278 -18.19
5005 11/4/63 1/23/64 51764 8/14/64
storRMR/F | 33 519 eT e 9/27/64 | STORMU/S
SMALL 365 45 REF. R/O 0175 2.31 194 0.255 REF =7.9 UFV ::-g?g
PERT. R/O 0.10 194 1.66 0.6 SIM=51 {gp +1.440
REF (R/F/R/O}] 179 1,38 147 8.3 SuU +3.570
RUN ID A% OF R/Q -9.8 +18.3 -8.3 ~26.2 -50.0 —18.56
5
10/18/57 | 4/21/58 5/10/58 8/13/58
STORMR/F | Jng A ) 83 9/7/58 STORMU/S
SNOW 277 32 REF. R/O 0.033 0.039 0.016 0.043 REF-=30 | +0:960
W +1930
PERT. R/OQ 0.030 0.047 0.840 0.032 SiMm= 15 SP +0.830
REF (R/F/R/0)| 91 - 194 % SU +2.520
RUN 1D A%OF R0 | -11.7 —18.2 -18.2 —225 —43.94 -18.83
RW 03
A% OF OCT JAN APR aUG
MONTHLY R/0] —8.21 _18.83 _17.16 —73.64 9/15/68 STORMU/S
REGIONAL | 22,248 4 REF. R/O 0.099 0.980 0.487 0.064 REF =644 { * *1170
W +1.820
PERT. R/O 0.09 0.80 0.40 0.05 SIM= 361 | 5p 41920
REF. MONTH - SU +2.250
R 0.177 3834 2.600 0.258
RUN ID A% OF RO | —136 -207 -18.7 ~37.3 —47.06 —19.57
RW 03
10/15/67 178768 4)26/68 8/18/68
UB. STORMR/F | s Lk 349 279 9/25/68 STORM U/S
WATERSHED| 2,325 50 REF.R/0 0.045 1,609 0.749 0.059 REF=34 | F +1360
NO. W +2.070
1 PERT. R/O 0.04 1.28 0.61 0.04 SiM=18 | oo L1g79
REF (R/F/R/O)] 48 1.18 465 465 SU +3.730
AUN ID s%oFRfo | 144 -16.3 -19.6 -220 -30.43 —17.71
RW 03
STORMRJF | 19715767 1//68 4/25/68 7/31/68 072168 STORMU/S
sUB- 2,51 3.M 1.70 2,21
WATERSHED | g3 50 REF, R/O 0.095 2170 0521 0117 REF=23 | F *1440
NO. W +1,630
3 PERT. R/O 0.08 1,82 42 0.09 sM=18 | & 1080
REF (R/F/R/Q)| 264 1.43 3.26 188 SU +2.200
RN 1D A%OFR/O | 122 —17.6 ~-17.3 —148 —254 —16.80
10/15/67 /9768 4/25/68 8/13/68
SUB- STORMR/F | yom S04 Y 392 9/29/68 STORMU/S
WATERSHED| 1,064 a7 REF. R/O 0.036 1.907 0421 0.086 peF=4 | F +1220
5 W 41,760
PERT. R/O 0.03 1.57 Q.76 .oz Sim=3 5P +1.730
REF [R/F/R/O} 30 1.08 197 258 SU +1.460
RUN D A%OFRIO | 137 ~19.0 —204 —37.6 40,0 -19.0
R 03
10/15/67 1/8/68 3/26/68 8714768
SUB. STORM R/F ) 278 Ve a8 9/30/68 STORMU/S
WATERSHEDL 4 41 40 REF. R/Q 0.029 1.557 0.610 0.127 REF=40 | T *1:370
7 W +1.900
PERT. R/O 0.03 1.26 0.49 0.08 siM=24 | op 15040
REF (R/FR/O)| 545 177 3.4 23.2 SU +3.750
RUN ID axsorrio | - -19.1 —20.8 213 -33.33 -18.07
RW 03
10/28/67 178/68 5/8/68 8/20/68
SUB. STORM R/F e 153 191 050 9/14/68 STORMULY/S
WAT:SSHED 2551 30 REF. R/O 0.150 0.769 0.588 0.031 REF = g F o +0710
e W +1.910
! PERT. RO 0.14 0.62 0.47 0.02 sm=6 | ep +2080
REF (R/F/R/0)| 9.0 18 324 18.1 SU +2130
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TABLE 6137

SENSITIVITY ANALYSIS OF &GPME +10% PERTURBATION (1.0):
SMALL, SNOW & REGIONAL WATERSHEDS

SIGNIFICANT STORMS
AREA - EPAET LOW ANNUAL
WATERSHEDY (20 kM) () OUTPUT FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% OFR/O | +g8S5 +16.8 +14.5 +45.4 +25.32 +16.55
5006
11/4/63 1/23/64 5/1/64 B/14/64
STORMR/F | 313 310 387 18 a/27/64 | sTORMU/S
‘ ' ' o4 0.255 peF=79 | F 16690
SMALL 366 45 REF. R/O 0.175 2.3 1. - ? |y #1580
PERT. R/O 0.2 2.68 2.22 0.37 sim=99 |g +1.450
rer (RFRoy] 179 1.38 147 8.3 sy +4540
RUN 1D A% OFRMO | +107 _135 +9.3 +28.2 — +18.99
10718757 | a/z1/68 5710758 B/13/68
STORM R/F. 289 90 178 109 9/7/58 ST0|=!1M0L;,;S
+1,
sNow 277 32 REF. R/O 0.033 0.039 0.916 0.043 ReF=30 | ©
- w +1.350
PERT. R/ 0.038 0.034 1.002 0.056 siM=— | sr +0.930
su
REF (R/F/RIOI| 91 — 1.94 25 +2.820
AUN ID A% OF R/O +12.6 +18.3 +18.6 +27.9 +80.90 +19.82
RW 02
MoMtHLY R/O oct JAN APR AUG 9/15/68 | STORMU/S
REGIONAL | 22,248 a1 REF. R/O 0.099 0.980 0.487 0.064 ReF-6ad | F * ::gg
WL
PERT. R/0 an 1.16 0.58 0.08 SiM=1165 | cn +1.850
REFSMONTH-| 0177 3634 2,600 0.258 sU 42790
RUN ID AGOFR/O | +18.1 +21.1 +19.7 +49.7 +50.0 +2053
RW 02
10/15/67 1/8/68 3/26/68 BM8/c8
suB. STORMR/F | qe i Vs 570 9/25/68 STORM U/S
WATERSHED| 2,326 50 REF. R/O 0.045 1.609 0.749 0.059 REF=234 | F +1.910
NOQ, W +2.110
1 PERT. R/O 0.05 195 0.90 0.0 SIM=68 | gp +1.970
REF (R/F/R/0)| 48 118 4.66 465 sy +4.970
RUN ID A%OFR/O | +166 +18.4 +218 +27.8 +43.48 +18.37
RW 02
10/15/67 1/8/68 4125768 7/31/68
! SUB- STORM R/F 2,51 3.1 1.70 2.2 9/2/68 STORM U/S
WATERSHED 813 50 REF. R/O 0.095 2170 0521 0.117 pEF-23 | F +1.660
NO. Wo+1.640
i 1 ] . . -
3 PERT. R/O 0.1 253 0.64 0.5 sIM=33 | oo 15490
REF (R/F/R/O)| 264 1.43 3.26 189 SU +2.760
RUN ID A% OF R/O +12.56 +17.8 +18.0 +15.3 +75.0 +17.26
RW 02
1/9/68
SUB. sToRmRsF | TRS/e7 | 10K alznfes | 8368 | graies | sTORMUIS
WATERSHED| 4 nga 37 REF. R/Q 0,038 1.907 0.621 0.086 Rep=q4 | F ‘10
NO. W +1.790
& PERT. R/O p.04 2.26 1.09 0.10 am=7 | g +r800
REF (R/F/R/O}{ 3D 1.06 1987 25.8 su +1.530
RUN 1D A% OF RO | +12.7 +19.1 +225 +55.4 +575 +19.9
RW 02
10715767 178768 4126768 871468
sus. stormR/F | L 2 s o > 35 9/30/68 | STORMU/S
WATERSHED | 4 319 a0 REF. R/O 0.029 1.567 2.610 0.127 REE=4p | F 1770
NO. W +1.910
7 PERT. R/O 0.03 1.85 0.75 .20 siM= 63 | g +2,250
REF {R/F/R/O) 54.5 1.77 3.14 23.2 SU +5.540
RUN ID A% QF RO +7.3 +19.1 +22.4 +26.0 +88.9 +18.82
RW 02
suB. sToRm R/ | 10/28/67 | 1/BISS o 8/20/68 | 9ra68 | sToRmurs
WATERSHED| 2651 30 REF.R/0 0.150 0.769 0.583 0.031 Rep=p | £ 07
r:c:. W +1.910
PERT. R/O .18 0.92 0.72 0.04 Sim =17 SF +2.240
REF (R/F/R/O] 8.0 1.8 324 18.1 SU +2.600
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-6.3.14 EVAPORATION AND MEAN NUMBER OF RAINY DAYS

The model uses lake evaporation data to estimate evapotranspiration
losses from the upper zone or, in the event all upper zone moisture has
evaporated, from soil moisture storage.

Information on evaporation is the most difficult climatological
data to obtain for most watersheds. So few evaporation pan records are
“available that only by coincidence will one be found close to a water-
shed being modeled. If one does have good information, daily pan
evaporation totals and monthly pan evaporation coefficients can be read
directly.

The evaporation data used for the small watershed is daily pan
evaporation totals and monthly pan evaporation coefficients. A1l the
monthly pan evaporation coefficients were perturbed *10%.

If the closest evaporation pan is tco far away for the daily
weather-related fluctuations in evaporation totals to be indicative of
conditions over the watershed, or if it is desired to shorten the job
of estimating evaporation from climatological data, pan evaporation
totals may be read as average values over fixed ten-days periods
(Table 6-138). The model has been programmed to adjust the potential
evaporation total during rainy days (rainfall equal to or greater than
0.01 inch) to half what it would be if no rain occurred.

The evaporation data used for the snow watershed is average
ten-days periods and monthly pan evaporation coefficients. The ten-
day averages were perturbed by +20% and x50%, but only during storms.

Where evaporation data is particularly sparse or a large number
of watersheds are to be modeled in an area where a single evaporation
pan must be used to distributed a geographically variable total annual
pan evaporation over the year, a further data simplification is possible
by using an estimate of the potential average annual lake evaporation
EEPAEE) and the mean annual number of days with measurable rainfall
MNRD).

The evaporation data used for the regional watershed and all its
subwatersheds is the potential average annual lake evaporation (EPAET}
and the mean annual number of days (MNRD) with measurable rainfall
calculated in a special program.

The evaporation data can be directly obtainable from climatological
data recorders, and eventually it will be telemetered through communi-
cation satellites from data collection sites.

Sensitivity analysis indicate that the evaporation input data is
most influential during the fall and summer seasons. The average unit
sensitivity is +2.0 for the evaporation data during summer, and -0.5
for the mean number of rainy days. The results appear in Tables 6-139
through 6-150 and Figures 6-27 and 6-28.
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Table 6-138. Ten-Day Intervals for Averaging Evaporation Data

OCTOBER

OCTOBER

OCTOBER

OCTOBER

NOVEMBER

NOVEMBER

NOVEMBER

DECEMBER

DECEMBER

JANUARY

JANUARY

JANUARY

JANUARY

FEBRUARY

FEBRUARY

MARCH

MARCH

MARCH

1-OCTOBER
11-0CTOBER
21-OCTOBER
31-NOVEMBER
10-NOVEMBER
20-NOVEMBER
30-DECEMBER
ID-I?ECEMBER
20-DECEMBER

1-JANUARY
11-JANUARY
21-JANUARY
31-FEBRUARY
10-FEBRUARY
20-MARCH

2-MARCH
12-MARCH

22-MARCH

10

20

30

19

29

19

N

10

20

30

19

1*

1

21

3

APRIL

APRIL

APRIL

MAY

MAY

MAY

MAY

JUNE

JUNE

JUNE

JULY

JULY

JULY

AUGUST

AUGUST

AUGUST

SEPTEMBER

SEPTEMBER

SEPTEMBER

1-APRIL
11-APRIL
21-APRIL
1-MAY
11-MAY
21-MAY
3-JUNE
10-JUNE
20-JUNE
30-JULY
10-JULY
20-JULY
30-AUGUST
8-AUGUST
18-AUGUST
29-SEPTEMBER
8-SEPTEMBER
18-SEPTEMBER

28-SEPTEMBER

29

18

28

17

27

30

*This is an eleven-day interval on leap years.




TABLE 6139

EVAPORATION (ALL P#AN COEFF.S ANNUAL R/F = 58,23 IN
EME::I.f\INI‘IT!F!;I;\E’DA NA:I’.E';'SSQ!SK“? F (ALL PEAN C J EVAPOTRANSPIRATION NET = 24.24 IN
: TOTAL OBSERVED ANNUAL R/Q = 31.38 IN
SIGNIFICANT STORMS
A% . 9/27164
RUN PARAM PERTUR- PUT 11/4/63 1/23/64 5/1/64 8/14/64 Low ANNUAL
D VALUE BATION OUTRY FLow FLOW
FALL WINTER SPRING SUMMER
A% OF R/O +6.8 +1.4 +3.4 +32.1 +16.46 +4.11
T157 -10 STORM R/F 3.13 3.19 2.87 2.16 STORMU/S
F —0.580
REF. R/Q {IN) 0.175 2.31 1,94 0.255 REF=79 | o 0140
= 9.2
PERT.R/O (n)|  0.19 2.3 2.00 p.34 SIM p—0.340
REF (R/F/R/OIf 178 1.38 1.47 8.3 su-3-210
A% OF R/O -6 -14 24 | -20 —-12.86 —3.78
F 313 319 57 2.16 STORM U/S
T62 +10 STORM R/ 2% F =0 5101
REF.R/Q {IN)| 0475 2.3 1.94 0.255 REF-7.9 | o —0.140
PERT. R/O (N} 047 2.28 1.89 0.20 §iM=69 | . 0240
2.100
REF (R/F/R/OI|  17.9 138 1.47 8.3 Su
TABLE 6-140
\ ORM EVAPORATION {10 DAY PERIODS) ANNUAL R/F = 33.38 IN
SENSITIVITY ANALYSIS OF sTORM EVAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 277 5Q. KM TOTAL QBSERVED ANNUAL R/0 = 10.03 IN
SIGNIFICANT STORMS .
- 9/7/68
A% QUTBUT 10/18/57 4/21/58 5/10/58 8/3/58 LOW AMNUAL
PARAM PERTUR- FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER .
A% OF R/O +11.3 +27.0 +2.3 +7.1 +462.3 +5.66
STORM R/F 2.99 0.0 1.74 1.09 STORM U/S
EF. RO (IN.)]  D.033 0.039 0.916 0.043 REF-30 | F 02
_ REF. R . ) ) : . =30
504 50 . - - ' siM =169 | w —0.540
PERT. RfO (IN.)}  0:036 0:050 - 0.837 0.046 gp —0.048
i REF {R/F/RI0D)} 1] — 1.94 25 sy —-0.142
A% OF R/O +4.4 +8.8 +0.9 +2.7 +123.33 +1.74
51A —20 STORM R/F 299 0.0 1.78 1.09 STORM U/S
—~0,220
REF. R/O IN.)|  0.033 0.039 0.916 0.043 AEF=30 | ©
siM= 67 | w —0440
IPERT. R/O (IN.) 0.034 0.043 0.925 0.044 gp —0.045
REF (R/F/R/OI| o1 - 1.94 25 sy —0.136
A% OF R/O -43 -8.0 -0.9 —2.6 -30.0 ~1.26
90 ' 7 1.09
524 +20 $TORM R/F 29 0.0 1.78 STOH:I;:;S
REF.R/O(IN)| 0033 0.039 0.916 0.043 rer-30 | F TV
SiM= 2.1 | W —0.400
PERT. R/O (IN.]  0.031 0.036 0.908 0.042 p —0.045
REF {R/F/R/O} 91 - 1.94 25 su —0.130
A% OF R/O -86 -15.1 -21 —6.0 —36.67 —2.36
s3A ‘50 STORM R/F 2,99 0.0 1.78 109 STOR:;"-:;;S
REE. /o ing] 0033 0.039 0916 0.043 REF=30 |
- A QM= 1o | w —0302
PERT. R/O (In)]  0.030 0.033 0.897 0.041 e ~0.042
6-163 REF (R/E/R/OY| = — 1.94 25 su —0.120
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TABLE 6-141A

SENSITIVITY ANALYSIS OF EpaeT(38) 2&3«?&1&?&?& NET = 32.90
=32.90 N
REGIONAL WATERSHED 22,248 SO KM TOTAL DBSERVED ANNUAL R/O = 15.41 IN
SIGNIFICANT STORMS
A% 8/15/68
RUN panam | pERTUR. 10/28/67 1/21/68 5/9/88 8/11/68 Low ANNUAL
) VALUE | BATION OUTPUT FALL WINTER SPRING SUMMER FLOW FLOW
A% OF R/O +6.1 +6.3 +16.3 +46.4 +170.19 H+13.27
RW123 30.4 -20 A% OF ocT JAN P
R
MoTHLY Rio| +338 +6.85 8.8 +558YS STORM U/S
REF.R/O (IN]| 0.009 0.980 0.487 0.064 F ~0.305
KT - REF =g44 | w—0.265
PERT. R/D (1N) .03 .57 0.09 SM-1740 | cp-0.815
REF. MONTHLY
R (1) 0177 3.634 2,600 0.258 su-2.320
A% OF R/O -5.2 —4.9 —-14.2 —20.0 —49.5 —10.03
RW122 456 +20 A% OF
MontHLy rio] 398 —s 14N Y 284 STORM U/S
REF.R/Q {IN}| 0.099 0,980 0.487 0.054 F —D.260
- REF = 644 —0.245
PERT. RO {INI|  0.09 0.93 0.4z 0.05 SIM = 325 :L —0710
REF. MONTHLY
/0 {IN) 0.177 3.634 2.600 0.258 sy -—1.000

TABLE 5-1418

ANNUAL R/F = 41.89 IN

SENSITIVITY ANALYS'S OF wwAD (107) EVAPOTRANSPIRATION NET = 32,90 IN
REGIONAL WATERSHED 22,248 50. KM TOTAL OBSERVED ANNUAL R/O = 1541 IN

$IGNIFICANT STORMS o/15/88
A%
9/68 8/11/68
i parav | pERTUR. 10/28/67 1/21/68 5/9/1 LOW ANNUAL
D VALUE BATION QUTRUT FALL WINTER SPRING SUMMER FLOW FLOW
A% OF RO +1.4 +1.8 +4.1 +7.7 +26.1 +3.09
A% OF ocT JAN APR ALIG
RW125 8 ~20 MONTHLY R/O|  +0.56 +1.85 +2.42 +8.97 im“";;”s
—0.070
. iN} | 0.099 0.980 0.487 0.064
REF. R/Q [IN} REF=644 | W -0.090
PERT. R/Q INY| 0.0 1.00 0.51 0,07 sw= 812 | cp 0,205
REF. MONTHLY sy—0.385
o (IN) 0.177 3.634 2.600 0.258
A% OF R/O -1.3 -17 -39 6.2 174 —2.84
A% OF ocT JAN APR AUG
Rw124 128 +20 WONTHLY R/Q} - 5E —1.87 —2.38 —6.98 STORM U/S
REF.R/O {iN)| 0.089 0.980 0.487 0.064 F 0085
REF =644 { w —0.085
——— A 0.98 0.47 0.08 sm=532 | . qags
REF. MONTHLY - 5y-0.310
6-164 /o (N} 0.177 3634 2,600 0.258
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SENSITIVITY ANALYSIS OF EPAET (50)

TABLE 6-142A

ANNUAL R/F = 58,30 IN
EVAPOTRANSPIRATION NET =40.29 IN
TOTAL OBSERVED ANNUAL R/C = 19.63 IN

SUBWATERSHED NO. 1 2,376 S0 KM
SIGNIFICANT STORMS
A% 9/25/68
RUN PARAM PERTUR LOW - ANNUAL
b VALUE BATION ouTPUT 10/15/67 1/B/68 4/26/68 8/16/68 Foow ELOw
: FALL WINTER SPRING SUMMER
A% OF R/Q +11.9 +8.5 +18.6 +96.0 +226.47 +14.61
RW123 40 —20 STORM R/F 2.16 1.01 3.49 2.79 STORM L/S
. —8.595
REF. R/O {IN.) 0.045 1.609 0.749 0.053 . F
gli: ST | w 0325
PERT. R/O (iN.) 0.05 1.7 0.89 0.12 gp —0.825
Rer (RFROD| a8 1.18 465 465 sy ~4.845
A% OF R/O -96 5.9 ~15.2 —45.4 -559 —11.43
RW122 60 +20 STORM R/F 2.18 1.91 3.49 279 STORM U/S
REF, R/O (IN) ' F 0475
. /O (IN) 0.045 1.609 0.749 0.059 glirj $g y 0295
PERT. R/O (IN.)]| .04 1.51 0.64 0.03 - sp —-0.760
REF (R/F/R/DY} 48 1.18 4.65 465 sy —2.270

SENSITIVITY ANALYSIS OF MNRD hize)

TABLE 6-1428

ANNUAL R/F =59.30 IN
EVAPOTRANSPIRATION NET - 40.29 IN
TOTAL OBSERVED ANNUAL R/O = 18.63 IN

SUBWATERSHED NO. 1 2,326 50. KM
SIGNIFICANT STGRMS
A% 9/25/68
RUN PARAM PERTUR p 4/26/68 a/18/68 LOW ANNUAL
D VALUE BATION ouTPUT 10/15/67 1/8/68 - /18/ ELOW FLOW
FALL WINTER SPRING SUMMER
A% OF R/O +2.6 +24 +4.6 +16.8 +35.3 +3.48
STORM R/F 2.16 1.9 3.49 2.79 STORM U/S
RW125 102 —20 £ —0.130
REF. R/O {IN.) 0.045 1.609 0.749 0.058 2,'§,ff i,; W 0420
PERT. R/O (IN. 0.05 1.65 0.78 0.07 sp —0.230
REF (R/F/R/OI| 48 1.18 565 265 su —0.840
A% OF R/O -2.5 -23 -43 —14.2 —26.5 -3.27
STORM R/F 2.16 191 3.48 2.78 STORM U/S
AW124 154 +20 ) F ~D125
REF. R/O (IN.} 0.045 1.609 0.749 0.059 ~
REF =34 w -0.115
, - 26
PERT. R/O (IN.)|  0.00 157 072 0.05 Sim p 0215
6-165 REF [R/F/RIOY| 48 118 4.65 465 50 —0.710
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TABLE 8-143A

SENSITIVITY ANALYSIS OF EPAET (50) ANNUAL R/F = 63.88 IN
SUBWATERSHED NO.3 813 SSQ pin EVAPOTRANSPIRATION NET = 37.42 IN
- - TOTAL OBSERVED ANNUAL R/O = 26.14 IN
SIGNIFICANT STORMS
A% 9/2/68
RUN ID PARAM PERTUR- OUTPUT 10/15/67 1/9/68 4/25/68 7/31/68 LOW ANNUAL
VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER
4% OF R/O +8.2 +3.6 +21.9 +46.7 +82.61 +11.17
RW12* 40 —20 STORM R/F 251 an 170 2.21 STORM U/S
F -0.410
REF.R/O{IN]| 0095 2170 0.521 o117 REF=23 |y ~0.176
fPERT. RIOAIN)| @10 2.25 0.63 017 SIM= 42 | b _1.005
Rer (RiF/Ro)| 264 1.43 326 189 sU~2.33
A% OF R/O -8.1 -3.3 —16.1 -211 —39.1 —5.04
STORM R/F 2.5 H 170 2.2 STORM U/S
RW127 60 +20 g -0.305
REF. R/O {IN. ) ,
/OLIN T 0085 2170 0.521 0.117 REF=23 |y —0.165
PERT. R/O (IN.) 0.09 2.10 0.44 0.09 SIM =14 gp —0.805
HEF (R/F/R/O)]  26.4 1.43 3.26 18.9 w1085
TABLE 6-1438
SENSITIVITY ANALYSIS OF mvrp (116} ANNUAL R/F = 63.88 IN
SUBWATERSHED NO.3 813 80. KM EVAPOTRANSPIRATION NET = 37.42 IN
- - TOTAL OBSERVED ANNUAL A/O = 26.14 IN
SIGNIFICANT STORMS
A% 9/2/68
AUN ID PARAM PERTUR- QUTPUT 10/15/67 1/9/68 4/25/68 7131/68 LOW ANNUAL
VALUE BATION FLOW FLOW
FALL WINTER SPRING SUMMER
A% OF R/O . .7 +1.3 +5.1 +7.1 +13.0 +256
STORM R/F 251 an 1.70 221 STORM U/S
125 ] - £ —0085
REF. R/O {IN.) 0.095 2170 ©.521 0.117 REF=23 |, — 0065
SIM = 26
PERT. R/O{IN)|  0.10 2.20 0.55 0.13 1sp —02ss
REF [R/F/R/C)] 264 143 3.26 18.9 5U - 0,355
A% OF R/O —1.1 -0.8 31 -43 —-a7 —164
STORM R/F 251 2.1 170 2.21 STORM U/S
F - 0.055
124 131 + REF. R/O {IN.
20 /0N | 0.005 2170 0.521 0.117 REF=23 | 0,040
PERT. R/O (MY p.09 215 0.51 0.11 SM=21 | b 0155
—0.215
6-156 REF (RFF/R/O)| 264 143 326 189 w
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TABLE 8-144A
ANNUAL R/F = 48.24 IN

SEN .
g BWSITNITY ANALYSIS OF EpaeT (37) EVAPOTRANSPIRATION NET = 27.87 IN
UBWATERSHED NO.5 1,064 S0. KM TOTAL OBSERVED ANNUAL R/O = 22.36 IN
T STOR
S.IGNIFICAN STORMS 0/20/63
A% 10/15/67 1/9/68 4/76/88 8/13/68
PARAM PERTUR- OUTPUT / f2s! 113/ 'F‘ng ?Eé"# AL
RUN 1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +5.4 +3.6 +13.6 +129 +125.0 +8.23
STORM R/F 1.08 2.04 1.82 2.22 STORM U/S
AW123 29.6 -20 F —0.270
REF.R/O (IN)]|  0.036 1.907 0.521 0.086 REF=41
SIM=9 w —0.180
PERT. R/O (INL)| 004 1.08 1.05 0.10 sp —0.680
REF (R/F/R/OI| 30 1.06 1.97 25.8 SU-0.645
A% OF R/O —4.8 32 -11.8 -B.4 —265.0 -7
‘ sTORMRA/F | 108 204 1.82 222 STORM U/S
—0.240
Rw122 4a 20 REE. R/IO(IN)|  0.036 1.907 0.921 0.086 REF=4 || 0,160
siM=3 | W
PERT. R/O {IN.)| 0.03 1.85 0.81 0.08 sp —0.590
ReF (r/FfmoH 30 1.06 1.97 258 su—0.420
TABLE 61448
ANNUAL R/F = 48.24 IN
SENSITIVITY ANALYSIS OF MNRD (i50) EVAPOTRANSPIRATION NET = 27.87 IN
SUBWATERSHED NO.5 1,084 5C. KM TOTAL OBSERVED ANNUAL R/O = 22.36 IN
SIGNIFICANT STORMS o/20/68
A% whsez | 1/ems 4/25/68 8/13/68 W ANNUAL
PARAM PERTUR- OUTPUT - tgow FLOW
RUN LD VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +1.4 +1.5 +3.8 +2.7 +25.0 +2.35
STORMR/F 1.08 2.04 1.82 222 STORMU/S
126 120 -20  |per.R/oUNY| 0036 1.907 0921 0.086 REF=4 | F —0070
. SM=5 |W —0075
PERT.R/O(INJ o004 | 194 0.96 ] oo ) gp — 0130
REF (R/F/R/0)] 20 1.06 197 258 su —9.13%
A% OF R/O -1.4 -1.4 —36 —24 0.0 ~2.2
STORM R/F 1.08 2.04 1.82 2.22 STORMU/S
F —D.070
124 180 +20 REF. R/O (IN.) 0.036 1.907 0921 | 0.086 3R|i1F =4 W - 0.070
=3
PERT. R/O{IN.)]  0.04 1.88 0.89 —0.08 sp —0.180
—0.120
6-167 REF (R/F/R/O)| 30 1.06 1.97 245.8 su

b 167



TABLE €-145A

EPAET ANNUAL R/F = 50,93 IN
SENSITIVITY ANALYSIS OF T40) EVAPOTRANSPIRATION NET = 33.02 IN
SUBWATERSHED NO. 7 1,111 5Q. KM TOTAL OBSERVED ANNUAL R/O = 18.29 IN
NIFICANT STOR
SIGNIFIC MS 9/30/68
A% i 63 4/68 AN
PARAM A R OUTPUT 10/15/67 1/8/68 af26/ 8/14/8 IF'ng an g #AL
RUN IiD VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +1a.2 +4.8 +17.4 +89.2 +112.50 +13.11
RW123 32 20 STORM R/F 1.58 2.76 1.92 2.95 STORM U/S
—0.710
REF. R/C {IN. ; i I 127 rREF=40 | F
/0N | 0029 1.557 0.610 0 REF-22 |, —ozas
PERT. R/Q {INJ]  ©0.03 163 0.72 0.25 gp —0.870
REF (R/F/R/0)] 545 1.77 3.14 23.2 SU—4.960
A% OF R/O —-99 —4.7 —15.0 ~43.1 -41.5 —10.26
STORM R/F 1.58 2,76 1.92 2.95 STORM U/S
Rwizz 48 *20  [ger.rio(N)| D028 1.557 0.610 0.127 ReF -ap | F 049
SiM = 21 w —0.236
PERT. R/O(INL po3 1.48 0.52 0.07 5p —0.750
REF (R/F/R/O)] 545 177 314 232 su-2.156
TABLE 6-146B
ANNUAL R/F = 50,93 IN
SENSITIVITY ANALYSIS OF MNRD (102) EVAPOTRANSFIRATION NET = 33.02 IN
SUBWATERSHED NO. 7 1,111 50Q. KM TOTAL OBSERVED ANNUAL R/O = 18.29 IN
SIGNIFICANT STORMS 9/30/68
a% QUTPUT 10/15/67 1/8/68 4/26/68 8/14/68 ow | AnNuAL
PARAM PERTUR- FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +1.9 1.4 +4.1 +15.1 +17.6 + 2.59
STORM R/F 1.58 2.76 1.92 2.05 STORM U/S
REF. R/O (N} | 0.028 1.567 0.610 0,127 rEF=4p | F 0099
126 82 -20 . : - : - ' SM= a7 |w —0.070
PERT. RO {IN.)[  g,03 158 0.63 0.15 SP — 0.205
REF (R/F/R/O)] 64.5 1.77 3.14 232 su—0.755
A% OF R/Q ~2.0 14 ~40 —122 -125 — 249
STORM R/F 1.58 2.76 1.92 295 STORM U/S
124 122 +20 REF. R/C(IN)]{  D.029 1.557 0610 0.127 REF=40 |F —0.100
SIM = 36 W — 0.070
PERT. R/O{ING|  0.03 153 059 0.1 SP_ 0.200
6-168 REF (B/F/R/Q)| 545 1.77 314 23.2 sU-0.610
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TABLE 8-146A

ANNUAL R/F = 35,81 IN
SENSITIVITY ANALYSIS OF EPAET (30) EVAPOTRANSPIRATION NET = 26.35 IN
SUBWATERSHED NO. 11 2,851 50. KM TOTAL OBSERVED ANNUAL R/O = 12.82 IN
SIGNIFICANT STORMS
- 0/14/68
A% ANNUAL
pARAM | ' PERTUR OUTPUT 10/28/67 1/8/68 5/8/68 8/20/68 IE%VW FLOW
RUN 1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +2.1 8.1 +20.2 +40.5 +244.4 +11.44
STORM R/F .35 1.37 1.4 0.50 STORM L)/S
RW123 24 —20 -
REF. RO (IN.)| 0150 0.769 0.568 0.031 Rep=g | —0-108
- giMm =31 | W —0.305
PERT. RO (INY 015 0.82 0.71 0.04 gp —1.010
REF [R/F/R/0})| 80 1.8 2.24 16.1 sy~-2.026
A% OF R/O —1.8 -5.7 —168 —18.5 ~333 —8.86
STORM R/F 1.35 1.37 1M 0.50 STORM U/S
0,080
Rw122 36 +20 REF. /o (my|  0.150 0.769 0.588 0.03% Rer-g | F
SIm = 6 w 0,285
PERT. R/O (IN. 0.5 073 0.49 0.03 gp —0.540
REF (R/F/R/0) 9.0 18 2.24 16.1 sy —0.B25
TABLE 6-1468
ANNUAL R/F = 35.81 IN
SENS'T'VITY ANALYSIS OF MNRD (115) EVAPOTRANSPIRATION NET = 26.35 IN
SUBWATERSHED NO. 11 2,661 8Q. KM TOTAL OBSERVED ANNUAL R/O = 12.82 IN
SIGNIFICANT STORMS
. 9/14/68
A% L ANNUAL
paraM | PERTUR. OUTPUT 10/28/67 1/8/68 5/8/68 B/20/68 thtv)vw ANNY
AUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O +0.4 +16 +4.6 +6.5 +77.8 +2.49
STORM R/F 1.35 1.37 1.91 0.50 STORM U/S
125 92 —20 REF. R/O {INJ| 0.160 0.769 0.588 0.031 REF-g | F —0020
- SIM =15 w —0.080
FERT. R/O{INJ] 018 0.78 0.61 0.03 = D0.230
REF (R/F/R/OI| 2.0 18 3.24 16.4 sy— D325
A% OF R/O -0.4 -16 -45 -4.9 —11.11 —2.40
STORM R/F 1.35 1.37 1™ 0.50 STORM U/S
124 138 +20 REF. /O (IN.)|  0.150 0.769 0.588 0.031 REF=g | F —002
SiM= g w —0.080
PERT. R/C IN)] 035 0.78 0.56 0.03 sp-0.225
6-169 REF (R/F/R/QI] 9.0 1.8 3.24 16.1 sy— 0.245
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SENSITIVITY ANALYSIS OF

SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 6-147

EPAET —20% PERTURBATION

SIGNIFICANT STORMS
AREA EPAET LOW ANNUAL
WATERSHED] (30 iim) (™) OUTPUT FLOW | FLOW
FALL WINTER SPRING SUMMER
RUN ID 4% OF R/D
11/4/63 723764 5/1/64 8/14764
stormR/F | N3 10 387 e o/zz/ea | sToRMUS
SMALL 365 45 REF. R/O 0.175 2.3 194 0.255 REF = 7.9 ";
PERT. R/O SIM = <
REF (R/F/R/QH 17,9 1.38 147 8.3 su
RUN ID A% OF R/O
0867 | azi/58 &710/58 8/13/58
STORM R/F 269 0.0 178 1.09 9/7/68 STORM U/S
SNOW 277 3z REF.R/D 0.033 0.039 3.916 0.043 REF=3.0 ¥
w
PERT. R/O SIM = 50
REF IR/EMR/O)| — 1.94 25 su
RUN ID A% OF R/O +6.1 +5.3 +168.3 +46.4 +170.19 +13.27
RW 123 % OF ocT TaN APR ALG
MONTHLY R/O] +3.29 +6.85 +3.96 +55.81 9/15/68 STORM U/S
REGIONAL | 22,248 a1 REF. R/O 0.009 0.980 0.487 0.064 REF =644 | F —0.308
an W _p.2e8
PERT. R/O e.10 1.03 0.57 0.09 SIM=1740 [ op  gqp
REF.MONTH- | 0477 3.634 2.600 0.258 su —2.320
RUM ID A%0FR/O | +118 +6.5 +185 +96.9 +226.47 +14.61
RW 123 10/15/67 1/8/68 4/26/68 8/18/68
sp. stormpams | TVE Ve es 570 9/25/58 STORM U/S
WATERSHED| 2,326 50 REF. R/O 0.045 1.609 0.749 0.059 REF=34 | F —0895
w —0.325
{50'1 PERT. R/Q 0.05 1.71 0.88 0.12 Stv =111 SP —0,8925
REF (R/F/R/Q)| 48 1.18 4,65 465 sy —4845
RUN 1D A% OF R/O +8.2 +3.5 +21.8 +46.7 +82.61 +11.17
RW 123
e STORMR/F | 1D(1S/67 1368 a/28/68 7131168 8/2/68 STORMU/S
WATERSHED|  gq3 - REF. R/O 0.095 2.170 0.521 0117 REF=23 | F ~0410 ]
N:;). W 0175
2o RERT. R/O 0.10 225 0.62 .17 sIM=42 | g _;oos
REF {R/F/R/O)| 254 1.43 3.26 18,9 SU 2335
RUN 1D A%OF RjO | +64 +2.6 +13.6 +12.9 +125.0 +8.23
W 123
0715767 179768 /25768 8/13/68
suB. STORMR/F | "D Yoa Ve 4] 9/29/68 | STORMUJ/S
WATERSHED| 4 ggq a7 REF. R/O 0.036 1907 0.921 0,086 REF =4 £ -0.270
NEU' w —D.180
(7] PERT. R/O 0.04 1.98 1.05 0.10 SIM = 9 sp —0.680
REF (R/FROY| a0 1.06 107 5.8 su —0.645
RUN D A%OFR/0 | +142 | +48 +17.4 +90.2 +112.50 «13.11
10715767 178768 /26768 B/14/68
SUB- STORMR/F | 1ss 2.76 142 2.95 9/30/68 | STORMU/S
WATERSHED [ 4 419 40 REF. R/O 0.029 1557 0.610 0.127 ref=ap | F 0710
N_;). w —0.245
40) REAT. R/O 0.03 1.63 072 0.25 SIM=85 | gp —0.870
REF (R/F/R/0)| 545 177 314 232 su —4.960
Buno A%OF RfO | +2.1 +6.1 +20.2 +406 +244.4 +11.44
10728767 78/68 578168 8/20/68
SUB. STORMR/F | 435 1.37 191 0.50 9/14/68 | STORMU/S
WATERSHED| 2,861 30 REF. RIO 0.150 0.769 0.588 0.031 REF=g [T D108
o W _0305
PERT. R/Q 0.16 0.82 071 0.04 SIM =31 <p
(a0 —1.010
REF (R/F/R/IOY 9.0 1.8 324 16.1 SU _2.025
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'SENSITIVITY ANALYSIS OF

SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 6-148

EPAET +20% PERTURBATION

SIGNIFICANT STORMS
AREA EPAET Low ANNUAL
WATERSHED | (20’ i) (IN) OUTPUT FLOW ELOW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O
somver | T | B | 5P | g | owe [stomwus
F
SMALL 365 45 REF, R/O . 0.175 2.31 1.94 0.255 REF =79 w
PEHT. RIO SIM = SP
REF (R/F/R/DY| 17.9 138 147 8.3 su
RUN ID A% OF R/O
10/18/57 4/21/58 5/10/58 8/13/68
STORM R/F 2,99 o0 308 3 9/7/58 STORM U/S
F
SNOW 277 32 REF. R/O 0.033 0.039 0.916 0.043 REF = 3.0 w
PERT. R/OQ Sim = sp
su
REF (R/F/R/OY] 9 —_— 1.94 25
RUN ID A%OF R/ | -5.2 —-4.9 —14.2 —20.0 —495 —10.03
RW 122
A% OF ocCT JAN APR AUG
MONTHLY R/O] —3.39 —8.11 —B.46 2248 9/15/68 STORM U/8
REGIONAL | 22,249 a REF.R/O 0.099 0.980 0.487 0.064 REF = 644 vl:.' —0.260
-0.245
(37) PERT. R/D 0.08 0.93 0.92 0.05 §IM=325 | sp _p710
REF. MONTH- 5U ~1.00
R 0.177 3.634 2,600 0.258 0
RUNID A% OFR/O | _as -5.9 —15.2 ~45.4 —55.8 —11,43
RW 122 10/15/67 1/8/68 4/26/68 B/18/68
sup. STORM R/F 216 To1 3,49 279 9/25/68 molmal;;s
WATERSHED 2,326 50 0.045 1.609 0.749 0.059 REF =34 F -
NO. REF. R/O W —0.295
15:1) PERT. R/O 0.04 1.51 D.64 0.03 SIM=15 | gp ~0.780
o —2.270
REF {R/F/R/O) 48 1.18 4,65 46.5
Rn#?zlzn A%OFR/O | —6.1 -3.3 —16.1 —21.1 | —39.1 -9,04
10/15/67 1/9/68 4/25/68 7/31/68
B, STORM R/F 251 211 170 221 9/2/68 STORM U/S
WATERSHED|  g13 50 REF, R/O 0.005 2170 0.521 0.117 Rep=z3 | £ 995
NO. w —0.165
( 530) PERT. R/O .09 2.10 0.44 0.00 SM=14 | gp —0BO5
REF (R/F/R/0| 264 1.43 3.26 184 Su —1.055
RUN ID A%OFR/O | —48 —3.2 -11.8 8.4 -25.0 7.1
RW 122
10/15(67 1/9/68 4/25/68 8/13/68
SUB- STORM R/F 1.08 200 162 522 9/29/68 STORMU/S
WATERSHED| 4 gpg 37 REF, R/O 0.036 1.907 0.921 0.086 REF =4 F -0z40
NF?. W _0.160
. PERT. R/O 0.03 1.85 0.81 0.08 M= 3 5P _p500
REF (R/F/R/O} 30 1.06 1.97 258 SU —p.420
RUN ID A% OF R/O 0.9 —47 -15.0 —43.1 -41.5 -10.26
RW 122
10715/67 1/8/68 4/26/68 8/14/68
SUB. STORM R/F 168 276 Va2 208 9/30/68 STORM U/S
WATERSHED| 4 413 a0 REF. R/O 0.029 1557 0610 0.127 REF=a4g | T 049
NO. : w —0.235
(47[” PERT. R/O 0.03 1.48 0.52 0.07 SIM= 29 sp —0.750
—2.156
REF {R/F/R/Q)| 545 1.77 3.14 23.2 su
nﬁuufi 2"; AROFR/O | —16 -5.7 —-16.8 —165 —333 886
10/78/67 1/8/68 5/8/68 8/20/63
SUB- STORMRIF | 445 1.37 191 0.50 9/14/68  { STORMU/S
WATERSHED| 3551 30 REF. R/O 0,150 0.769 0.588 0.031 REF =9 F —0.080
Sral W _g.285
a0 PERT. R/O 0.15 0.73 0.49 0.03 SIM=§ SP 0,840
REF (R/E/R/OY o0 18 3.24 16.1 5U—0.825
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SENSITIVITY ANALYSIS OF mnRD -20% PERTURBATION
SMALL, SNOW & REGIONAL WATERSHEDS

TABLE 5-149

SIGNIFICANT STORMS
AREA EPAET Low ANRNUAL
WATERSHED| (g0 km) 1Ny OuTPUT FLOW FLOW
FALL WINTER SPRING SUMMER
AUN ID A% OF R/O
sToRMA/F | 163 | 123064 S 8ia6é | omrea | sTormuss
_ F
SMALL 365 45 REF. R/O 0.175 2.3 154 0.255 REF =79 .
PERT. R/O §1M = gp
REF {R/F/R/0)| 179 1.38 1.47 8.3 su
RUN ID A% OF R/O
sToRMR/F | J01657 | 4r21/s8 S710/58 | 81358 | g/759 STORMU/S
SNOW 277 E7) REF. R/O 0.033 0.039 0918 0.043 REF = 2.0 :\r
PERT. R/O SIM = ap
(1]
REF (R/F/R/O}] 91 - 1.94 25 8 .
RUN ID A% OF R/O +1.4 +18 +4.1 +17 +26.1 +3.00
RW 126
A% OF oCT JAN APR AUG
MONTHLY R/0]  +0.56 +1.95 +2.42 +8.91 91E/6E STORMU/S
REGIONAL | 22,248 a REF. R/0 0.099 0.380 0.487 0.064 REF=g4q | T 0070
1107} W -0.09D
PERT. R/O 0.0 1.00 0.51 0.07 SIM= 812 | 5p .0.205
REF. MONTH - SU .385
REF, M 0.477 3634 2.600 0.258
RUN ID 4% OF R/Q +2.6 +2.4 +4.6 +16.8 +35.3 +3.48
RW 125 10/15/67 1/8/68 4/26/68 8/18/68
B, STORMR/F | )% b ey 579 9/25/68 STORM U/S
WATERSHED| 2378 0 REF. R/O 0.045 1.600 0.749 0.059 REF-2 | F 0130
W 0120
11281} PERT. R/O 0.05 185 0.78 0.07 sivi=26 | op n23p
REF (R/F/R/O)| 28 1.18 4,65 265 SU -D.840
RUN 1D A% OF R/O +1.7 +1.3 5.1 +7.1 +13.0 +2.55
AW 125 T
s stormp/r | 10015/67 | 1/3/68 Jasies | TAVES | giee STORM U/S §
UB. . X . ) {
WATERSHED |  gq4 50 REF, R/O 0.095 2170 0.521 0.117 REF=23 | 0085
NO. W 0.065
(116:: PERT.R/O 0.10 2.20 0.55 0.13 SMe=26 [ gp g2g5
REF (R/F/R/0N] 264 143 3.26 18.9 SU -0.35%
RUN LD A% OF R/O 1.4 15 +38 +27 +25.0 +2.35
RW 125
10/15/67 1/9/68 4/25/68 #/13/68
SUB. sToemR/F [ P8 HEA Ve e 9/20/68 STORM /S
WATERSHED| 4 og4 a7 REF. R/O 0.036 1.907 0.921 0.086 REF=4 | F 0070
N;). W 0.075
(150} PERT. R/O 6.04 1.94 0.96 0.02 SIM = 5 P 9,190
REF (R/F/R/OI] 30 1.08 1497 258 SU 0135
RUN ID 4% OF R/Q +1.9 +1.4 +4.1 +18.1 +17.5 +2.59
RW 125
10/15/67 178768 a/26/68 8/14/68
SUB. stormR/F | Y 290 Ves 5 65 9/30/68 STORM U/S
WATERSHED| 411 a0 REF. R/0 0.029 1557 0.610 0.127 REF-an | F D098
NO. w -0.070
“02? PERT. R/O 0.03 1.58 0.63 015 SIM=47 | o 0208
REF (R/F/R/0)| 545 1.77 314 23.2 SU 0.755
RUN 1D A% OF R/O +0.4 +.6 +4.6 +6.5 +77.8 +2.49
RW 125
10/28/67 1/8/68 6/a/68 B/20768
B STORM R/F e b i34 050 9/14/68 STORMU/S
WATERSHED | 3569 30 REE. R/D 0.150 0.769 0,588 0.031 REF=9 | F 0020
NO. W -0.080
'";]1 PERT. R/Q 0,15 0.78 0.61 D.02 SIM =16 SP 0,230
REF (R/F/R/0) @0 1.8 3.24 16.1 SU -0.328
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TABLE 8160

"SENSITIVITY ANALYSIS OF mNRD +20% PERTURBATION

SMALL, SNOW & REGIONAL WATERSHEDS

SIGNIFICANT STORMS
AREA EPAET , LOW ANNUAL
WATERSHED | 150 ) (IN) QUTPUT FLOW FLOW
FALL WINTER SPRING SUMMER
RUN ID A% OF R/O
sowr | DE® | T | gge | G | e | somus
= F
SMALL 365 45 REF. R/O 0175 2.a1 1.04 0,266 REF=7.9 o
PERT. R/O Sim = Sp
REF {R/F/R/0)| 17.9 1.38 1.47 8.3 su
RUN ID A% OF R/O
STORM R/F ;%;5’57 46'_%”59 5/10/58 ghsse af1/58 STORM U/S
F
SNOW 277 32 REF. R/Q 0.033 0.038 0.916 0.043 REF =3.0 w
PERT. R/O SIM = sp
- sU
REF (R/F/R/O)] 91 —_— 1.94 .-
RUN ID A% QF R/Q 1.3 1.7 -3.9 -6.2 7.4 -2.84
RW 124
A% OF ocT JAN APR AUG
MONTHLY R/0| - 113 -1.87 -2.38 -6,98 9/15/68 ?oiMDUE’IS
REGIONAL 22,248 M REF, R/O 0.089 0.980 0.487 0.064 REF =644 06
{107) W 0085
PERT. R/O 0.10, 0.95 0.47 0.06 StM=532 [ gp 5195
REF, MONTH- SU -0.310
REF M 0.177 3634 2.600 0.258
RUN ID A% OF R/O 2.5 2.3 43 -14.2 -26.5 3.27
RW 124
STORMR/F | 10H15/67 1/8/68 y2oies | B/I8/68 a/o5/68 | STORMu/s
SUB- : - - ) F -0.125
WATERSHED| 2,326 50 REF. R/O 0.045 1.609 0.749 0.059 REF = 34 -
NO. W -0.115
0 za)’ PERT. R/O 0.04 157 0.72 0.05 sim=25 | ¢p go15
REF (R/F/R/O)| a8 1.18 1.65 465 5U -0.710
RUN iD A% OF R/O 1.1 08 3.1 4.3 87 -1.64
RW 124
stormmyF | ID1S/67 | 17868 i25/68 | 73168 | e STORM U/S
suB- . ) : .
WATERSHED| 4¢3 50 REF.R/O0 0.005 2.170 0.521 0117 REF=23 [ F 0086
NO, w -0.040
3 PERT. R/O 0.09 2,15 051 0.1 SiM=21 5P 0,155
(116}
REF (R/F/R/0)| 264 1.43 3.26 18.9 sU 0215
RUN ID A% OF R/O -1.4 1.4 3.8 24 0.0 2.1
RW 124 10/15/67 175768 2/25/68 B8/13/68
SUB. STORM R/F 08 204 b 599 9/20/68 STORMU/S
WATERSHED! 4 oy a7 REF. R/D 0.036 1.007 0921 0.086 REF = 4 F D070
NO. W -0.070
(150)5 PERT. R/Q 0.04 1.88 0.89 -0.08 SIM=4 $P 0,180
REF (R/E/R/OY 30 1.06 1.97 258 50 0.120
RUN ID A% OF R/O 2.0 14 40 12.2 125 -2.49
RW 124
T0/15/67 178768 4/26/58 8/14/68
SUB. STORM R/F el 278 1A 295 9/30/68 STORM U/S
WATERSHED | 4 19 40 REF. R0 0.029 1.557 0.610 0.127 REF=4p | F 0100
i W 0.070
(102) PERT. R/Q 0.03 1.53 0.59 a1 SIM =35 SP 0,200
REF {R/F/R/O)| 545 1.77 314 23.2 SU 0.810
RUN ID A% OF R/O -0.4 A8 4.5 49 1.1 -2.40
w124
R so STORMR/F | 10/28/67 [ 1/8/68 58,68 B/20/68 | or1ae8 | stommurs
WATERSHED| 3 559 30 REF. R/O 0.150 0.769 0.588 0.031 REF =9 F 0020
NO. W -0.080
“15;1 PERT. R/O 0.15 0.76 0.66 0.03 SiM= g SP -0.225
REF (R/F/R/OI| 0.0 18 aza 181 SU -0.246
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Figure 6-28, MNRD Study, Summer Storms
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6.3.15

SENSITIVITY OF SMALL SNOWSHED MODEL TO CLIMATOLOGICAL iNPUY
PERTURBATIONS DURING STORMS

Precipitation - Sensitivity analysis results indicate that the
precipitation is sensitive during fall (October)}, spring {(May),
and summer (August) as was expected. The highest unit sensitivity
occurs during spring at +0.90, and the low flows show :}.33.
Hydrological consideration would suggest a unit sensitivity near
unity.

Evaporation - Sensitivity analysis shows the evapora17c= sﬂuLu
data is most sensitive during April with & unit szasiilviov o F
0.40, and large sensitivity during low f]ows

Temperature - Daily maximum and minimum air temperature aive
required in the model if the snowmelt subroutine is cailed. “loise
values are read in as an array of alternating maximum and nin v
values for each day of the water year. Since air temaserctir.s
vary over a watershed, recorded temperatures from a station (pra-
ferably within the watershed) are adjusted by the main program

to the mean elevation of the basin. Adjusted temperatures are
then used for the remainder of the calculations involving
temperature.

Sensitivity analysis results show that the temperature irput data
is very influential as was expected. It shows strong effects during
April and May when the snow is melting. Results for all the seasons
are presented in Table 6-151 and Figures 6-29 through 6-31.
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TABLE 6161

ANNUAL RfF = 33,38 IN
SENSITIVITY ANALYSIS OF sTORM (PRECIF, EVAP, TEMP.) EVAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 277 50. KM TOTAL OBSERVED ANNUAL R/ = 10.03 IN

SIGN{FICANT STORMS i
9/7/58
A% 10/18/57 4/21/58 5/10/58 8/3/58 LOW ANNUAL
PARAM PERTUR. | OQUTPUT FLOW FLOW
RUNID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O -55 -0.1 -B.6 -4.8 -13.33 -343
STORMR/F |- 299 0.0 176 1.09 STORM U/S
48 : F +0.550
- -10 REF. R/O (IN. 0.033 0.039 0.916 0.043 REF = 3.0
{PRECIP.} /O (1N} REF=30 [ 10010
PERT. R/O (I 0.0309 0.0303 0.8376 0.0412 SP +0.860
REF {R/F/R/O}} 91 —— 194 25 5U+0.460
A% OF R/O +5.6 +0.4 +9.2 +7.3 +20.0 +3.86
STORM R/F 2.99 0.0 1.78 1.09 STORMU/S
0.560
ey 1 — +10 REF. R/0 (| 0.033 0.038 0.916 0.043 ReF=20 | © 058
- ) SIM= 36 | W +0.040
PERT. R/O{IN|  0.0346 0.0395 1.0003 0.0454 sp +0.920
REF (R/FfR/OY &1 — 194 25 5U+0.730
A% OF R/O +a4 +8.8 +0.9 +2.7 +123.33 +1.74
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
APy - -20 REF. R/O (IN.}|  0.033 0.039 0016 0043 Rep=30 | T "0
: SIM=67 | W ~0.440
PERT. R/O (IN.)|  0.0342 0.0428 0.9245 0.0444 sp -0.045
REF {R/F/R/O} 91 e 1.94 25 5U-0.135
A% OF R/O -a3 -8.0 -09 -286 -300 -1.26
STORM R/F 2,99 0.0 1.78 1.09 STORM /S
F -0215
AR - 20 REE.R/D IN.){ 0033 0.039 0.916 0.043 REF=2.0
: SIM= 2.1 | W -0.400
PERT. RO (n)|  0.0314 0.0362 0.9081 0.0421 SP -0.04%
REF (R/F/R/O)| 91 -— 1.94 25 5U -0.130
A%OFR/O |, -166 -78.4 -26.0 +11.4 +20.0 -0.24
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
TEEMP.| - -0 Lrermio4iny|  oozz | oese | ome 004z | ReF-2g9 | F 1580
’ SiM= 3.6 | w +2.Bap
PERT. R/O (IN.)|  0.0278 0.0281 0.6777 0.0481 SP +2.600
REF {R/F/R/O) g1 — 1.94 25 SU-1.140
A% OF RO +0.8 +182.1 +37.0 -1 -23.23 +1.97
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
eawy |~ +10 REF. RO (IN.}|  0.033 0.038 0.918 0.043 Rep=30 | F T0800
: SiM=23 | W +18.210
PERT. R/O (IN.J|  0.0330 0.1100 1.2653 0.0384 SP +3.700
REF (R/F/fR/QH 91 — 1.94 25 Su-1.110
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Figure §29. Storm Precipitation Study, Smail Snowshed
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Figure 8-30. Storm Evaporation Study, Small Snowshed
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6.3.16 FIRR, FRACTION OF INCIDENT RADIATION REFLECTED BY SNOW

This is an array of 15 values which are used to adjust snowmelt rates
as snow surface albedo changes. It is well known that snow surface
albedos change with age and also with rainfall on the surface. Snow albedos
have been shown to vary from a maximum of about 0.80 for new fallen snow
+to a minimum of about 0.40 for a ripe snowpack during the melt season.
Under melting conditions, the albedo can change from the maximum to the
minimum in about 15 days (Figure 6-32). This relationship is the basis
for the FIRR array. '

Results of the sensitivity analysis (Table 6-152) show that it is
most influential during the snowmelt period. Results of all four seasons
and annual and low flows are all plotted and presented in Figure 6-33.-
The average unit sensitivity is -1.48.

0.8
0.7
0.6
0.5

0.4

03l ANDERSON & -*
9 CRAWFORD

- DESA|
*., » (REPORTEDBY]
~e STRIFFLER)
]

b
hia? Y8
@

FIRR VALUES

0.2
01%

—

L1 L | [T L4 1 .
1 2 3 4 % 6 7 8 9 1011 12 13 14 15
DAYS

Figure 6-32. FIRR Array
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- TABLE 6-152

, ANNUAL R/F =33.38 IN
SENSITIVITY ANALYSISOF  FiRR (15) EVAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 277 SQ. KM TOTAL OBSERVED ANNUAL R/O = 10.03 IN

SIGNIFICANT STORMS
9/3/58
A% OUTPUT 10/18/57 4/21/58 5/10/58 8/3/58 LOW ANNUAL
PARAM PERTUR- FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O 0.1 +125.9 +24.6 -10.2 -23.33 +2.86
STORM R/F 299 0.0 1.78 1.09 STORM U/sS
66 - 50 REF.R/OIN.I| 0033 0.039 0916 0.043 REF=30 | T 10002
- SIM=23 |W -2518
PERT. R/O [IN.) 0.,0327 0.0a88 11411 0.0388 SP -0.492
ReF (R/Fm/N o1 — "1.04 P SU +0.204
A% OF RO 0.0 +36.8 +0.6 4.1 -100 +1.13
STORM R/F 2.99 0.0 1.78 1.00 STORM U/S
67 - 20 REF.R/O (N)| 0033 0.038 0918 0.043 Rer-30 | T 00
SiM=27 | W -1840
berT. R/O NG| 0.083 0.0538 1.6044 0.0414 S -0.480
REF (R/F/R/O| 91 e~ 1.94 25 . SU +0.205
A% OF R/O +0.1 -24.0 94 +4.3 +100 -1.33
STORMR/F | 290 0.0 1.78 1.09 STORM LI/S
68 +20 REF. R/2 iN)| o033 0.039 0918 0.043 REE=30 | T T0005
SM= 33 1{W -1.200
PERT. R/O(IN.]]  0.033 0.0299 0.8304 0.0451 SP  -D.470
REF (R/F/R/O)| 91 — 1.94 25 Su +0.215
A% OF R/O +0.2 -29.2 -23.7 +12.1 +26.67 -341
STORM R/F 2.99 0.0 178 1.00 STORM /S
F
69 + 50 AEF. R/O (N)f  0.033 0.039 0.916 0.043 REF = 3.0 +0.004
SM=38 | W -D584
PERT. R/0 (IN.|  0.033 0.0279 0.6995 0.0485 e _p474
6-182 REF (R/F/RIO)f 01 — 194 2% 5U +0.242
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Figure 6-33. Incoming Radiation Study, Small Snowshed
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6.3.17 BDDFSM, BASIC DEGREE DAY FACTOR FOR SNOWMELT

Although defined by Liou as a degree day melt factor, this parameter
is actually a degree hour melt factor since the melt calculation is done
hourly throughout the melt season. The parameter value represents the
amount of melt which will occur in one hour for every degree F above a
base temperature, usually 32°F, during the maximum melt rate season. The
maximum melt rate calculated is reduced by several other factors since it
is known that degree day melt factors are not uniform over a melt season.
This parameter is important in determining the timing of snowmelt runoff
and the height of peak runoff events during the snowmelt season. It is
difficult to determine for any particular watershed. However, the values
used by Anderson and Crawford ranged from .0035 to .0085. This parameter
is usually optimized for a best fit.

Sensitivity analysis results indicate that it is very influential when
perturbed at +10% and +20% during May. The unit sensitivities for those
perturbations are +6.82 and +8.22, respectively (Table 6-153). Results
of all four seasons are plotted and presented in Figure 6-34.

6-184



TABLE 6-153

ANNUAL R/F = 33.38 IN
SENSITIVITY ANALYSIS OF  BDDFSM {0.0033) VAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 277 50. KM TOTAL OBSERVED ANNUAL R/O = 10.03 IN

* SIGNIFICANT STORMS
8/7/58

a% OUTPUT 10/18/67 4/21/58 5/10/68 8/3/58 LOW ANNUAL

PARAM PERTUR- FLOW FLOW

RUN ID VALUE BATION FALL WINTER SPRING SUMMER

A% OF R/O -03 -29.5 -29.4 +15.9 +36.87 -4.36
STORM R/F 2.99 0.0 1.78 | 109 STORM U/S
75 0.00264 -20 REF. R/O{IN)|  0.033 0.039 0916 0.043 Rep=30 | T OO
SIM=4.1 |W +1.475
pERT. R/0 in)| 0033 0.0277 nearo | o0.05m 5P +1.470
REF{R/F/RIO)| 9N - 1.94 25 su -0.795

A% OF RO -0 -287 -14.8 +6.0 1333 2.8
STORM RfF 2.99 0.0 1.78 1.09 STORM U/S
76 | -10 REF.R/OON)|  0.033 0.030 0916 0.043 Rep=3g | T t0010
SlM= 34 1 W +2.870
PERT. R/O (IN)|  0.0328 0.0280 07608 0.0458 SP 41480
REF (R/F/R/OH @1 - 1.94 C 25 SU -D.600

A% OF RIO 0.0 +68.2 +163 73 -16.67 +1.04
STORM R/F 2.99 0.0 178 1.09 STORMU/S

77 0.00363 +10 REF. R/O (IN.)|  0.033 0.039 0916 0.043 S R

o siM=25 | W +6.820
PERT. R/O (INJ| 0033 0.0661 10566 0.0401 gp  +1.530
REF (R/F/R/OI] 91 — 194 25 sy -0.730

A% OF R/O -0.1 +164.4 +31.1 -11.9 -26.67 +3.88
STORM R/F 2.9 0.0 1.78 1.08 STORM U/S

F -

REF. R/O ()| 0,033 0.039 0.916 0,043 REF = 3.0 9005
- — M= 22 | W 18.220
78 0.00396 +20 PERT. R/O (IN.)|  0.033 0.1040 1.2015 0.0381 8P +1.595
§-185 REF (R/F/R/OI| 91 — 1.94 25 Su -05O5
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e
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Figure 6-34. Degree Day Factor Study, Small Snowshed
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6.3.18 SPBFLW, SNOWPACK BASIC MAXIMUM FRACTION IN LiQUID WATER

This parameter refers to the liquid water holding capacity of the
snowpack expressed as a proportion of its total water content. Anderson
and Crawford report literature values ranging from 4 to 7 percent depending
on the density and other characteristics of the snowpack. This parameter
js important in that it determines the timing of snowmelt runoff. In the
snowmelt subroutine, no melt water will be released from the snowpack
until water holding capacity has been filled. SPBFLW is generally esti-
mated and optimized for a best fit value.

Results of sensitivity analysis (Table 6-154) show that it is most
influential during May, and the average unit sensitivity to a +50% pertur-
bation is -0.74.

Results for all four seasons are plotted and presented in Figure 6-35.
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TABLE 8154, 156

ANNUAL R/F =33.38 IN
SENSITIVITY ANALYSIS OF  sPeFLW (0.040) AND SPTWCC {4.0) EVAPOTRANSPIRATION NET = 18.78 IN
SNOW WATERSHED 277 50. KM TOTAL OBSERVED ANNUAL R/G = 10.03 IN

SIGNIFICANT STORMS
9/7/58
A% ouTPUT 10/18/67 4/21/58 5/10/58 8/3/58 LOW ANNUAL
PARAM PERTUR- FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
4% OF R/Q +3.1 +47.9 +1.2 -1.0 -3.33 +0,13
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
80 0.02 -50 REF. R/O (IN.}|  0.033 0.039 0.916 0.043 ReF=20 ] F 0082
SPEFLW —{ sm=20 W -0958
PERT. R/O (IN.{ 00338 0.0581 0.9268 0.0428 S -0.024
REF [R/F/R/Q) o1 —_ 1.94 25 SU +0.020
A% OF R/D 28 -25.9 -15 +0.9 0.0 -0.14
STORM R/¥ 2,99 0.0 1.78 1.09 STORM U/S
81 0.06 +50 REF. R/0 (IN.}| 0.033 0.039 0.916 0.043 REF=3p | 0058
SPBFLW SiM=30 | W -0518
PERT. R/O (IN)]  0.0318 0,0291 0.8025 0.0436 S -0.030
REF (R/F/R/O)| 91 — 1.94 25 SU +D.018
A% OF R/O
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
REF.R/O (M)} 0.033 £.039 0.916 0.043 rekeaa | |
SIM = W
PERT. R/C (IN.) sP
REF {R/F/R/Q) 91 e 1.94 25 5U
A% OF R/D 0.0 +2.1 +0.8 +6.7 3.33 +7.95
STORM R/F 2.9 0.0 1.78 1.09 STORM U/S
F 00
B2 2.0 ~50 REF. R/Q (IN.} 0.033 0.039 1.916 0.043 REF=3.0
SPTWCC sim=31 | W -0.042
PEAT.R/O (IN.)|  0.033 0.0401 0.9238 0.0461 gp  -0.016
REF {R/F/R/O) 91 — 194 75 U -0.134
A% OF R/O 0.0 o0 0.0 7.2 -3.33 797
STORM R/F 2.99 0.0 1.78 1.09 STORM LU/5
83 5.0 +50 REE. R/O (M| 0033 0.039 0.916 0.043 per-z0 | F 00
SPTWCC SiM=29 t W 00
PERT. R/C N  0.033 0.039 0.916 0.0401 T
REF {R/F/R/O) a1 —— 1.94 25 sU -0.144
A% OF R/O
STORM R/F 2.99 0.0 178 1.03 STORM U/S
REF. R/O {IN.} 0.033 0.039 0.916 0.043 REF = 3.0 F
SIM = w
PERT. R/O (IN.}) P
REF {RIF/RIO)| 91 - 1.94 25 s
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Figure 6-35. Snowpack Liguid Water Fraction Study



6.3.19 SPTWCC, SNOWPACK MINIMUM TOTAL WATER CONTENT FOR COMPLETE
BASIN COVERAGE

In mountain watersheds with large elevation differences, considerable
snow accumulation can take ptace on the upper watershed before the entire
watershed is covered. This parameter attempts to define the water con-
tent at the point the entire basin becomes covered with snow. The parameter
is used to adjust snowmelt for incomplete snow cover on the basin., When
the water equivalent is.less than the parameter index value, it is
assumed that the snow covered area is proportionately less and melt is
adjusted accordingly. This parameter is generally estimated and optimized
for a best fit. A knowledge of snowpack water contents and accumulation
patterns on the watershed is essential to assign a realistic value to
the parameter.

Results of sensitivity analysis (Table 6-155} show that it is not
an influential parameter. It shows some sensitivity during the summer
season, and the annual flow. The unit sensivity for +50% perturbation
during summer is -0.14.

Results for all four seasons are plotted and presented in Figure
6-36.
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6.3.20 ELDIF, ELEVATION DIFFERENCE BETWEEN THE BASE THEROMETER AND
THE MEAN BASIN ELEVATION

This parameter provides an elevation adjustment for temperature
data. Since temperature stations on mountain watersheds are generally
located at more accessible sites, usually low on the watershed, a tem-
perature adjustment to estimate mean basin temperature from measured
station temperature is required. The parameter, expressed in thousands
of feet, is easily determined from a topographic map of the watershed.
The parameter is positive if the station is below the mean basin
elevation. It is obtainable from topographic maps.

Sensitivity analysis results (Table 6-156) indicate that it is very
influential when perturbed -20% and -50% during May. The unit sensi-
tivities for those perturbations are -2.75 and -4.67, respectively.
Results for all four seasons are plotted and presented in Figure 6-37.
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TABLE 6-156

ANNUAL R/F = 33.38 IN
SENSITIVITY ANALYSISOF  ELoiF (1.113) EVAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 277 50, KM TOTAL OBSERVED ANNUAL R/O = 10.03 IN
SIGNIFICANT STORMS
9/1/58
A% OUTPUT 10/18/57 4/21/58 5/t0/68 8/3/58 Low ANNUAL
PARAM PERTUR- FLOW FLOW
RUN 1D VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O -1.7 +233.7 +36.5 —16.4 -30.0 +1.96
STORM R/F 2.09 0.0 1.78 1.09 STORM U/S
+0.034
86 0.5565 -50 REF. R/O {IN.} 0.033 0.039 0.916 ©.043 REF=20 | F
SiM= 2.1 w4674
PERT.R/O (N 0.0322 0.1312 12418 0.0361 s -0.710
REF [R/F/R/O)] 91 _— 1.94 5 Su +0.328
A% OF R/O -2.6 +55.0 +115 5,1 -10.,0 +0.42
STORM R/F 299 | 0.0 1.78 1.09 STORM U/S
87 | 0.8904 -20 REF, R/Q {IN.)|  0.033 0.039 0916 0.043 REF=3p | T 1030
SiMm=27 | w -2.750
FERT. R/C (IN.) 0.0319 0.0609 1.0217 0.0410 sp -0.575
REF (R/F/R/0O) 91 —_ 1.94 25 SU H).255
A% OF R/Q 0.4 -27.8 -128 +5.7 +10.0 -1.0
STORM R/F 2.99 0.0 1.78 1.0 STORM U/S
88 1.3356 +20 AEE. R/O (IN.}|  0.033 0.039 0.916 0.043 REF =39 | T 0020
- Sim= 33 | W -1.3%0
PERT.R/O (INJ|  D.0326 0.0283 0.7987 0.0457 P -0.640
REF (R/F/R/O)| 91 — 194 - 2% SU +0.285
4% OF R/O +21.7 +25.8 -26.4 +12.0 +23.33 -1.69
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
F  +0.434
89 1.6695 +50 REF. R/O (IN.) 0.033 0.03% 0.916 0.043 REF = 3.0
SIM= 37 | W +0516
PERT. R/OQ {IN.} 0.0398 0.0292 0.6838 0.0434 SP D508
6-193 REF (R/F/R/O) 91 — 1.94 25 SU +0.240
| S—
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6.3.21 FFOR, FRACTION OF THE WATERSHED FORESTED

This parameter is defined as the area of forest cover times the
average cover density. Thus, a knowledge of the proportion of forest
cover plus the average density of the forest is required to estimate
this parameter. The proportion of forest cover on a watershed can
easily be determined from cover type maps or aerial photographs. For
larger watersheds, satisfactory estimates can be obtained from the
USGS topographic quadrangle maps with the green forest cover overprint.
An estimate of the average canopy density on the watershed is more
difficult, although satisfactory estimates can be obtained from cover
type maps and aerial photographs. This parameter is important in
that it determines snow interception losses and snowmelt adjustments
due to reflected radiation. It.can be directly obtained from land-use
classification in remotely-sensed image analysis.

This parameter is influential during winter, spring, summer, low
flows and annual flows. Only during an October storm has it shown no
significant influence.

The results of all four seasons, the Tow flows, and the annual
flow appear in Table 6-157 and in Figure 6-38.

6-195



TABLE 6-157

ANNUAL R/F = 32.38 IN
SENSITIVITY ANALYSIS OF  rroR (0.40) EVAPOTRANSPIRATION NET = 18.79 IN
SNOW WATERSHED 277 50. KM TOTAL OBSERVED ANNUAL R/O = 10.03 IN
SIGNIFICANT STORMS
9/7/58
A% OUTPUT 10/18/57 4/21/58 5/10/58 B/3/58 LOoW ANNUAL
PARAM PERTUR- FLOW FLOW
RUN ID VALUE BATION FALL WINTER SPRING SUMMER
A% OF R/O 03 165 +9.1 +143 +30.0 +10.48
STORM R/F 2.99 0.0 1.78 1.0 STORM LI/5
2 0.20 -50 REF.R/0 ()| 0.033 0.020 0.916 0.043- REF=30 { F *0006
sim= 39 |w +0.310
PERT.R/O (N 0.0327 0.0332 0.9996 0.0497 $  -0.182
REF (R/F/R/QYH o - 1.94 25 su -0.208
A% OF R/O 0.1 -10.6 126 +6.1 +10.0 +4.55
STORM R/F 2.99 0.0 1.78 1.09 STORMLY/S
95 0.32 .20 REF. R/O(IN)]|  0.083 0.038 0.916 0.043 REF=3p | F 10005
SIM= 33 | W +0.530
FERT. R/O (IN.} 0.0327 0.0351 0.9401 0.0459 sSP -0.130
REF (R/F/R/O) 91 _— 1.94 25 SU -0.305
A% OF R/O +0.1 +4.5 -1.6 -54 -10.0 -4.08
STORM R/F 299 0.0 1.78 1.09 STORMU/S
96 0.48 +20 REF.A/0 (IN.}|  0.033 0.038 0.916 0.043 REF=3p | © 10008
sim=27 | W +0225
PERT. R/O (N o328 0.0411 0.9015 0.0409 P -0.080
REF (R/F/R/DY)] 91 -~ 184 25 su -0.270
A% OF R/0 +0.3 +22.0 2.3 139 -26.67 -9.80
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
57 0.60 +50 REF. RO (IN.}|  0.033 0.039 0.918 0.043 REF<3p | | Y0008
SIM= 22 1 W +0.440
PERT. R/D (IN.} 0.0329 0.0480 0.8960 0.0372 8P _p.046
6-195 REF IR/F/R/IOY| @1 — 1.94 25 U -0.278
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6.3.22 FRACTION OF SNOW INTERCEPTED

This parameter is defined as the proportion of snow which would be
intercepted by a forest canopy if the cover density were 100%. This
assumes that the amount of snow intercepted is a linear function of the
total snowfall. This may be true to a point but for very large snow-
falls or snowfall events accompanied by strong winds, the assumption
does not hold. Leaf and Brink calculated snow interception for spruce-
fir and lodgepole pine forests as 0.15 and 0.10, respectively of the
snowfall for canopy densities up to a maximum of 0.30 and 0.20. Anderson
and Crawford use a value of 0.15 for a sub-alpine watershed in the
Sierras.

This parameter shows some influence during storms in May and August.
The unit sensitivity to a -50% perturbation is +0.16 in May and -0.12 in
August. Note that the polarity of unit sensitivity from May to August
changes. _

Results of all seasons, low and annual flows, appear in Table 6-158
and Figure 6-39.
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TABLE 6-168
ANNUAL R/F = 33.38 [N

' SENSITIVITY ANALYSIS OF FF51 {0.15) EVAPOTRANSPIRATION NET = 18,79 IN
SNOW WATERSHED 277 5Q. KM TOTAL OBSERVED ANNUAL R/O = 10.03 IN
M
SIGNIFICANT STQRMS or7/58

a% ouTPUT 10/18/57 4/21/58 5/10/58 8/3/58 Low ANNUAL

PARAM PERTUR- FLOW FLOW

1 AUN ID VALUE BATION FALL WINTER SPRING SUMMER

A% OF R/O -0.4 7.9 -0.6 +6.8 +10.0 +3.93
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
- F +0.008

102 0.075 50 REF. R/O (in}|  0.033 0.039 0.916 0.043 REF = 3.0

SiM= 33 | W +0.158
PERT. R/O 1N,  0.0326 0.0362 0.9108 0.0457 P 1012
REF (R/F/R/0}| 91 — 194 25 sy -0.116

4% OF RJ/O -0.2 -1.5 -0.1 24 +233 +1.72
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
F+0.010

103 ] iz -20 REF.R/O(INJ| 0.033 0.029 0.916 0.043 REF=3.0

SiM= 31 | W +0.075
PERT. R/O (IN)|  0.0327 0.0387 0.9149 . 0.0442 sp +0.005
REF IR/F/R/OY 91 — 184 . 35 su -0.120

A% OF R/O +0.2 +1.1 +0.1 2.1 -5.67 -1.50
STORM R/F 2.09 0.0 178 1.09 STORM U/S
104 0.180 +20 REF. RO N)]| 0033 0.039 0.916 0.043 rRer=30 | T *0010
SiMm= 28 { W +0.065
PEAT. R/O{INJ|  0.0328 0.0398 0.9174 0,0423 5P +0.005
REF (R/F/R/Q) 91 - 1.94 25 SU -p.105

4% OF R/O +0.4 +4.2 +0.5 -6.5 -13.33 -4.97
STORM R/F 299 0.0 1.78 1.08 STORM U/S
0.22 o REF. R/C (IN.} 0.033 0.039 0.916 0.043 REF = 3.0 k0008

+ . . .| . . . = q.

105 225 5| REF-30 | o +ooss
PERT. R/O (IN.)]  0.0329 0.6410 0.9206 0.0404 Sp 40010
6-199 aeF (r/Efmo)| o —_ 1.94 25 su +0.130
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6.3.23 PXCSA, PRECIPITATION INDEX FOR CHANGING SNOW ALBEDO

In the snowmelt subroutine the maximum snowmelt rate as determined
by the basic degree hour factor is adjusted for shortwave radiation inputs
and changes in the albedo of the snowpack. Various processes will affect
the albedo of the snowpack including aging and the deposition of fresh
snow or rain on the pack. The deposition of fresh snow deposit on the
snowpack will increase the albedo whiTe a rain on a snowpack will decrease
the albedo. In the accounting procedure, the snowmelt adjustment factor
(FIRR) is increased or decreased whenever an index value of new snow or
rain is reached. The parameter, PXCSA, represents the index value for
determining when changes in the albedo occur. Since the parameter is
empirical and does not necessarily represent actual conditions, it is |
best determined by estimating and optimizing for a best fit. Anderson
and Crawford used an index of 0.2 inches.

Results of sensivity analysis indicate that the parameter PXCSA is
influential when it is reduced from its normal value during the May storm.
It has not effect during fall and low flows.

The unit sensitivity to a -20% perturbation in May is +0.93.

Results appear in Table 6-159 and Figure 6-40.
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TABLE 6-159

ANNUAL R/F = 23.38 IN
PXCSA (0,199
SENSITIVITY ANALYSIS OF (0.199} EVAPOTRANSPIRATION NET = 18.73 IN
SNOW WATERSHED 277 0. KM TOTAL OBSERVED ANNUAL R/O = 10.03 IN
SIGNIFICANT STORMS
9/7/58
A% 10/18/57 4/21/58 5/10/58 8/3/58 LOW ANNUAL
PARAM PERTUR- | OUTPUT FLOW FLOW
RUNID VALUE BATION FALL WINTER SPRING SUMMER
A% OF RO 0.0 -27.7 .33 +15 0.0 027
STORM R/F 2.99 0.0 1.78 .09 STORM U/S
114 0.0995 -50 REF. R/O (M.}|  0.033 0.030 0.916 0.043 rer-3g |F 00
SIM= 30 | W +0.0554
PERT. R/0 (IN)|  0.0327 0.0284 0.8860 0.0439 Sp +0.085
REF (R/F/R/OI] @1 — 1,94 25 SU  -0.080
A% OF R/O 0.0 185 14 +0.8 0.0 001
STORM R/F 289 D.0 1.78 1.09 STORM U/S
115 0.1592 -30 REF.R/O (N 0.033 0.039 0.916 0.043 peF=30 | F 90
SiM=30 | W +0925
PERT. R/O (N  0.0327 0.0320 0.9034 0.0436 P +0.070
REF {R/F/RID) 91 —_ 1.94 25 SU - -0.040
A% OF R/O 0.0 1.9 +0.2 01 0.0 +0.03
STOCRM R/F 2.99 0.0 1.78 1.09 STORM U/S
116 0.2388 +20 REF.R/O |IN.)| 0.033 0.039 0.316 0.043 RerF=3¢g | = %0
SiM= 30 | W +0.095
PERT. R/O (IN.)]  0.0327 0.0401 0.9179 0.0432 40010
REF (R/F/R/O} g1 —-— 1.94 25 SU  -0.005
A% OF R/O 0.0 +2.4 +0.2 -0 0.0 +0.03
STORM R/F 2.99 0.0 1.78 1.09 STORM U/S
17 0.2985 +50 REF, R/O {iN}|  0.033 0.039 0.916 0.043 Rer=30 | ¢ 90
SiM= 30 | W 10.048
PERT. R/C{IN)|  0.0327 0.0403 0.9183 poszz | SP +0.004
6-202 REF (R/FR/0)| 91 — 1.94 25 su -0.002
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SECTION 7
RELATED TECHNICAL ARTICLES AND ABSTRACTS

In previous studies, the study team has collected a small library of
books and technical articles dealing with environmental applications of
remote sensing and the multitude of disciplines involved in all its aspects.
Appendix D of this volume contains a nearly complete listing ('nearly
complete," because additions have been made since the index was updated)
of literature items and abstracts. Listings by keyword are also available.
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APPENDIX A
SAMPLE SIMULATION RUN OUTPUT, SMALL WATERSHED MODEL

The watershed designated "Town Creek near Geraldine, Alabama," was
one of a number studied by IBM under a previous NASA contract. Six
years of usable historical data had previously been collected, using
two hourly and five daily precipitation stations, and model calibration
had been completed. The basin is representative of temperate-climate
rural areas of moderate topography.

The basin is located in northeast Alabama, at the edge of the
Tennessee River Valley, in the Cumberland Plateau physiographic region.
Its area (see Figure A-1) is 365 square kilometers (181 square miles),
approximately 65% moderately forested and 35% cultivated. Impervious
surfaces and water surfaces represent approximately 0.2% and 0.1%,
respectively, of the entire watershed area. Surface soil is predominately
sandy loam; the watershed is, in fact, located on top of what is known as
"Sand Mountain." The stream channels are generally deep and steep-sided,
without well-defined flood plains; overflows have not occurred, even after
the heaviest of recent precipitation events (e.g., March 1973).

Most accurate simulation was achieved using climatological data for
water year 1964 (October 1963 through September 1964). A comparison of
some single-year and long-term statistics is included in Figure A-1.
Although October was one of the dries t months ever recorded, total precipi-
tation was approximately 8% over the long-term average. Some heavy rains
occurred in March 1964 (approximately 10 inches on March 25) but did not
cause damage.

The observed daily discharge used in original model calibration is
that recorded by USGS Gage 3-5729. The data was tabulated in Table A-1.
Mean basin hourly precipitation was synthesized from two hourly and five
daily precipitation stations.

Page A-4 and subsequent pages of this appendix contain a reproduction
of the printout from one simulation run in which the parameter BMIR was
perturbed by -50%, from a reference value of 7.0,

Print plots have been omitted from the report, in favor of SC4020.'

plots. In the ptots, "P," "R," and "S$" indicate precipitation (unscaled),
reference and simulated.
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STATISTICAL DATA

LONG
STATISTIC TERM | 1964*

Average Discharge, m3/s 8.04 9.20

Peak Discharge, mS/s 500.9 |243.2
Least Discharge, 0 0
Annual Precipitation, cm 137 148

* Reference values used in sensitivity analysis

Area 335 km?
Minimum Elevation 306 m
Maximum Elevation 5%4 m
Mean Surface Slope 0.062 m/m

NO. 8469 0 VALLEY HEAD

BTG FT. PAYNE
a STA. NO, 3043

TO
SQUTH HILL
Q+—
STa. NG 75
STREAM GAGE
RAINEALL STATION
y g HOURLY
» DAELY
TO ALBERTVILLE L . A
To QSTA NO. 7207 o 4)
CROSEVILLE —F 3 & 5
MILES BIR - 877773

Figure A-1. Town Creek Watershed
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Table A-1. Town Creek Qbserved Discharge Data, WY 1964

TENNESSEE RIVER BASIN
3-572Y, Tuwn Creeck near (eraldine, ala,

Logativn.=-Lab 36%22°42Y, long B5°59'25", in SEY sec. 34, T. 7 §., R, 6 E., on downstreap side of bridge on State Highway 75, 1,600
Tt downstrean from Reedy Crevk, 4,500 ft upstream from Traylor Hranch, 2 miles north northeasc of Geraldine, and |15 wiles north-
qast ol Albertville,

Braiodge srea.--141 sq wi.

Buvursds avarlable.--July 1957 to Septoewber 19h4.

Gage  --Water-stage revorder. Altitude of gage is 1,000 ft {from copographic map).

Average dischiarge.--7 yeurs, 84 crs,
Extrames . - ioon discharge during year, 10,700 cis Mar. 25 (gage height, 13.72 £e}; au flew Ot 3 to Nav. 23,

Ta% 164 Maslwam discharge, |7,700 cfs Apr. 29, 1963 (pane height, 25,76 fc); no Clow Sepr. 6-13, 1957, July 17, ty-21,
W=29, Lty Sept. 23, 24527, 28, Oct. 5 to Hov. 23, 1963 .

Remarks . --Records poed.

Discharge, in cahic Feet' per second, water year October 1963 to Seprember 1964

Day " HRBv. ec. Jan,. Feb, Har. Apr, May June July Aug . Sepe.
1 a 42 124 hlh 307 430 #4490 28 6.l 304 13
2 [ *2h 1 198 563 *379 1,400 31 1.6 13l I
3 it 19 19 4% 36 1,450 340 3,040 11 2.7 7% 5.8
4 4 i 272 188 L, oo 550 T, 168 25 1.9 8 7.3
Ty 0 12 b 295 2,340 950 759 14 2.z 75 b4
6 0 0 11 . 415 A 984 | 1,970 974 32 w4 2 4b 5.5
7 [V U 9.2 774 379 T4 2,230 454 bir 3.4 36 [
B i o 10 * 586 322 562 1,730 391 55 2.8 28 3.9
g u v il 1,770 293 502 ag4 17 32 2.4 22 3.2
10 *) 1] il 1,070 27 686 726 e 22 25 23 2.5
1 v b 206 69 256 528 581 266 14 124 15 r.2
12 1] 0 5u32 558 233 457 B0 223 14 326 *37 .8
13 [ [ ' ) 467 33t 406 - 3!Ll7()' 150 10 429 27 .4
14 0 ’ u 372 3G 478 27280 2,280 160 5.0 169 19 1.3
13 (i} o 7 320 517 7,980 1,020 140 15 107 13 Bol
1 0 o 24y 290 64 2,220 746 118 14 48 35 *1.1
17 u [ 176 271 556 L,060 598 141 9.0 S0 451 kS
L i} n 154 246 *782 78k 497 86 7.2 36 166 3
19 i 3] lie 222 [al) A3d 427 72 3.9 28 Ui 3
20 [+ i} o4 290 967 620 367 b2 4.0 320 61 8
21 U i) 47 292 472 630 317 54 1.0 19U 42 N
2y u u 88 244 421 542 274 &6 2.4 164 31 N
23 t 0 Liy 215 367 460 271 LY 5.2 132 29 .5
g b N Lk 1,04 331 ¥ 595 50) d3 299 30 &
25 7 5 10t 5,381 367 &, 1 8d1 4 34 155 27 A
26 [§] 3 1B 1,470 394 6,120 795 33 L5 178 220 A
7 (i} b 13l 872 334 1,470 1,300 28 4.0 Lk 18 A
8 1] .8 129 658 349 939 1,080 25 5.5 0 49 =)
29 ] b 13 528 33 0 Bl 25 3.6 44 KO K
E(V] 0] 50 ik 457 - —— = - 567 602 23 2.8 40 20 )]
31 [ 106 30 - - = - - 525 |- = = - - 25 - - 15 e e e e e
Total] [E luy.9 4,332.2 21,615 Tl.%l 43,964 27,372 La, 746 Sh.0 3,516.0 2,059 84.9
Mean u.al 5.66 140 697 412 1,418 909 Wy 9.2 113 66 .4 2.83
Cism | 000 TR n.4991 494 2.92 10.1 6,45 2,46 b 136 0.801 0.471 $.020
n. L Ot . 0% 1.14 5,70 .15 11.&0) 7.19 2.83 .15 0.43 0. 54 v.02
Calendar vear 19bd  Max 9,620 Hin 1] Mean ! 204 Cism .73 In. 23.48
Water your 19g3-h40 Max 7,480 Min 1] Mean 445 Cigm 2.45% - in,  13.29
Prak discharge (base, &80 ecfs) * Dié;hﬂrgc medsurencnt agde on this day.
Cane . 4 o
Dace Time l:ui:ht Discharge || Dage '.I'i,m(.- hiig:t Discharge
1-25 | tan0 e &,ut 1-25| z4uu 15,02 14, 704
315 | ura L4 8% 5,85y 4-131 Ugon 9,70 4,800
I




5039 *TOWN CREEK WP, GRRALTINE ALA. {141.0 S0. MI.} WY&G4 STUDY
ACONTROL OPTIONS {BALANCT DF DATA VARLES WITH SPECIFIED OPTIONS
{1 12) {3F L4} Sy (&) (7)) (8) {S}(10)011)112} P13)014)d(15)(16)

R » 1 0 1 1 1 0 2 l_0 0 i 0 1 Q 1
* TIME ~ AREA HISTOGRAM NESINITICN
* NRTRI-BTRI{1} {2} (3) [4) (5% (6) (7) $£8)
16 0.043 0.061 0.071 0.086 0.054 0.079 0.071 d.085
« BYRI~- (9} {10) (11) (121} 113} {14) {15) i16)

0,085 0.083 0.069 0.026 0.023 0.070 0.049 0.045
Oy O * QUTPUT PARAMETER - RMPF, [Ff ANY DAILY FLOW EXCEEYDS RMPF
* WATERSHED PARAMETERS — PGPMB -~ AREA - FIMP - SHTR
1.0 141.0 002 001

* STIL MOISTURE PARAMETIRS
* YINTMR=BUZC- SUJC - LZC - ETLF - SUBWE -~ GWETF- STAC - BMIR - BIVF
0.15 0.20 0.20 4.0 .20 0.0 0.0 .25 3.5 0.50
~ QVERLAND FLOW PARAMETERS - QFSS = DFSL - QFMN - DFMNIS - JER(
0.062 1550,0 0.05 0.014  0.l84
%CHANNEL ROUTING AND GRCUND WATER PARAMETERS

* CSRX = FSRX ~ CHCAP — “XOPV —~ BFNLR - AFRC

0,94 0,94 4800,0 0,25 0,85 0,93
*MJISTURE STORAGY VALUES — GWS - UZS - LIS - BFNX -~ IF§
o 0.0 0.0 Q.40 0.04 0.0

] *(JILOT Y NUMBER OF JULEAN DATES REQUESTFD FOR RUNOTF PLOTS
303 121 23 121 46 121 73 121 122 121 227 121
LAST TWD CIGITS IN CALENDER YEAR OF THT® WATE® YEAR TO BE RUN
63 &4 * YEARY - YEARD
* EVAPDRATINON DATA

* IF CONOPT(3)=0 DAILY ZVAPORATION DATA ARET RUAD ] 50
0.12 013 0.07 0.07 0,10 0.12 0.09 0.12 0.15 0.13 1 0163
0,12 0010 Q.15 0413 Q417 0213 Q.11 O,]1) 0,21 0.10 +2 DCT*A3
0.03 0.04 0,09 0,08 0.0% 0.12 0,11 0.09 0.09 0.08 0.07 £3 0OCY*63
Os13 0g]5 0,13 0.07 0.03 0.03 0.07 0.09 0.03 0.11 *1 NOV*63
G.06 0,04 0.03 0.01 0401 D.06 0,10 0,05 0,03 0.02 ®2 NCV'e3
—0.05 0.01 0.0k Q.04 0,1] 0,02 0,04 0,03 0,05 0,34 *3 NOV'63
.03 0402 0.00 0.04 0.01 0.13 0.09 0.02 0.06 0.02 1 DECte3
0.00 Q.00 0,2) 0.08 0,03 0,01 .00 0,064 0.09 0.06 ®#2 063
0.03 0.02 0.04 0.07 0,01 0,02 0,00 0.03 0.03 0.02 0.02 3 QFT'63
0,01 0.01 0,02 0,02 0,02 0.00 0.09 0.00 0.01 0.01 *1 Jabt o4
0.01 0.02 0.02 0,02 0,02 0,02 0,08 0.04 0.02 0.02 2 JAN' OGS
_0.02 0,00 0,04 0.04 0,03 0,03 0.06 0.02 0.02 0.12 0.10 *3 JAN'64
0.04 0.03 0.10 G.07 0.07 0,04 0,06 0,03 0.11 0.15 xl FCR'64
0.05 QD6 0,07 0.13 0,10 0.03 0,08 0,08 0.12 D13 22 FLR'64
0.03 0.04 0.l]1 O.t1 0.07 0.03 0.06 0.08 0.05 *3 FFR'64
0,05 0,06 0,09 0.04 0.05 0.00 0,81 0.03 0.03 0.0% k] MAR'64
0.05 0.11 0,28 0.06 0415 0.11 0.10 0,11 0.08 2.04 X2 MARVES
_0el% 0430 0,05 De12 0.11 0,06 0.09 0.14 0,12 0,17 0.05 £3 MAP 'H4
0.06 0.13 0,07 0.12 0.13 0.05 0.01 0,03 0,16 0.22 *}1 APR'04
0,08 0,08 0.07 0,10 0.15 0.15 0.16 0,09 0.18 0.29 *2 APR'64
0,03 0.24 0,25 0,11 0,16 0,18 0,18 0.21 0,07 0.20 *3 APR'64
013 0.25 0.20 0.2) 0,13 0.23 0.24 0.22 0.23 0,17 1 MAY'GSH
0.21 0.08 0,21 Q.26 0.26 0.27 0,26 0,22 0.2% 0.24 ) *2 MAY'H4
0,23 0,27 Q.24 0,27 0.19 0.20 0,23 0.24 0,31 0.22 0.13 %3 MAY'54
G.16 0,18 Q.16 0.17 0.21 0.12Z 0.20 0.23 0,22 0.1° 1 JUN'64
0417 Q412 0,02 0,27 0.20 0,26 0.23 0.26 0.24 0,24 *2 JUN'GH4
0.16 0.24 0,22 0.23 0,16 0,19 0.12 0.04 0,14 0.l4 +3 JUNY G4
0«23 0,15 0,30 0.15 0.20 0,18 0,06 0.09 0,22 0.17 *] _JUL'64
0225 0421 0426 0.27 0,26 0422 0.24 0.19 0.29 0,24 A2 JULTES
0.26 0421 0427 0.25 0,23 0.0% 0.26 0,24 0.16 0.07 0.21 ¥3 B 64
0.2%4 0.1% 0415 0.13 0,15 0.21 D.22 0.15 D.18 0.27 - *®] AUGYEY
0.2) 0,19 0,17 Qel% 0,22 0,20 0.22 0.12 Q.19 0.19 *2 AUGTH4
0.11 O.1l8 D.16 0.22 0.20 0.21 0.20 0,24 0,25 0.25 0,22 *3 AUG'6%
Ds19 0,17 0,11 0419 0ul2 0.15 0.14 D.13 0.1% 013 *]1 SEPYEL
0«11 0.23 0,20 0.19 0,16 0,14 0.02 0.14 0.20 0.13 *2 SEPYE4
0,22 0,08 0,11 0,17 0,13 0.03 0.02 0.17 0.10 0.1} x3 STPI64
* IS CONDPT(3)=0 MONTHLY PAN COEFFICIENTS ARE READ 51
0,70 0,70 0040 0,48 0,49 0,60 0,70 0,70 0,70 0,79 0.76 0,70




¥ STREAMFLIIW DATA - TOWN CRESK, AL8. (14l S0. MILES) WY 64 .
0.0 0.0 DL 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 vacy
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 #aCT
0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 nOCT
0.0 *0CT
8,9 540 1.3 17.7 427,9 82,6 T1.9 6701 62,5 57,5 *NOV
4.0 50,2 46.7T 43.5 40.4  3T,4 34,7 32.4  30.1 28,0 w NCV
2600 __ 24.3 22.6 20.9 19.2 18.1 16.0 15.6  20.6 17.3 =NOV
1640 19,0 13.5 17.7 16.7 15.5 lé.4 29.3 24.6  24.2 TOEL
76,8 166.4 138.5 173.4 159.7 149,3 139.3 129.,9 120.9 112.5 +DEC
10446 107.7 190.2 160.4 145.4 L134.8 125.4 116.7 108.5 100.9 »OFC
_142.8 : e RREC
S12.6 254,0 204.R 1BS5,5 17148 295.2 440.9 268.6 2523,1 480.3 = JAN
305.8 _276,5 267.5_ 248,1 231.1 215.3 200.3 1A6.2 179.0 321.0 +*JAN
240.6 197.3 178.4 2377.4 5271.7 582.2 379.& 328.9 30l.1 278.7 “JAN
296, 4 AN
289,49 253,9 232,2 Z215.2 233.4 371.3 280.4 237.% 215.9 200.3 “FER
i87,3 17%.9 162.8 152.8 943,0 1268.7 303.4 680.9 438.4 290.3 LRER
243.9 227.1 210.1 195,10 249.B 262.1 216.0 24R.S 235.4 FFER
206.0 1585,9 2093,4 S506.7T ]1567.6 451.0 338,99 339,33 373,9 J07T.2 _TMAR
358.1 283.2 254.6 3832.7 3175.9 B47.6 512.8 427.1 40744 446.7 +MAQ
_ 536,28 411.1 350,4 319,3 3RS5,7 5430.9 928.5 556,73 467,00 424,72 tMAR
392.,0 e . ’ “MAR
363,6  337.2 313,22 555,88  517.5 1836.9 3055.8 1978.46  661.6 499.7 “APR
443,7  S67.6 2702.8 1P45,3 T0B.1 540.5 480.4 441,88 408.9 379.0 “APE,
5 5 - 403,5 ©APR
363.1 2015.6 3765.1 733,0 490.4 421.9 385,3 3%6.2 330.6 307.1 TMAY
o 2BbaB  266,6 245,272 227.5 211.0 195,8 _18l.7 168.8 156.,6_  145.3 =MAY
134,9 125.1 116.2 107.B 100.2 ©93.0 86.3 - R1.3 79.7 T72.% “MAY
&8 ,5 . : . ) “MAY
Ta.6  b6.6 61.8 57.3 S53.1 S510.7 272.0 159.7 144.4 133.1  JUN
123.6 114.9 560.7  151.% 122.6 112.7 104.7 0722 9043  HB3.3 = JUN
T8.0 0 T72.3 89.2 204.8 124.5 114.8 108.9 " 10l.6  G4.2 87.4 * JUN
94,5 %4.6 95,6 90,9 82,7 The¥ 7348 94,2, Bb.9  332,4 =JUL
1B&.6 ARD,9 TT70.6 268.6 309.7 284.3 261l.3 242.7 225.1 1203.4 » JUL
6R6.6  299.9 261e3 40,2 222.8 207,5 192,2 178.5 16640 154.5% *JUL
143.0 o *JUL
137,58 123,44 114.8 106.7 99.0 31.8 85,2 79,3 T3.6 6B, tAUG
3.4 59,0 54.8 51.0 298.0 337.9 153.5% 141.2 131.0 121.7 *AUG
112.3  105.1 98,0 31,0 84.7 _78.8 73,7  67.9  £3.0 5645 _. *ALG
Sht.4 . *AUG
.. 50.6 _47.1 43,9  40.5 37,8 35,1 32.6 3.3 28.1 26.1 ~SEP
24.3 22.3 20.7 19.2 17.9 16.7 15.R  16.3  l4.4 13.0 sSEP
11.8 11.3 1024 9.5 8.9 8.5 1.9 T.0 53,3 :5FP
* RAINFALL DATA — TOWN CREFK, AtA. (141 S5Q. MILES) WY 64
0 _* NSGRD, _ _ .
0957 63 10 12 2 0.04 0,02 0.00 0.00 0.02 0.01 0.0%f 0.00 0.00 0.00 0.00 0.00
0957 63 10 12 2 0,00 0.00 0,00 0.00 7,00 0,00 0,00 0,00 0,00 Q.00 V.09 0.00
1957 63 10 31 1 0.00 0.00 0.00 0,00 0.00 Q.00 0.00 0.00 0.00 0.00 0.00 0.00
0,00 0,00 0,00 0.00 0,00 0.00 0,00 0.00 0,00
0957 63 11 1 1 0.00 0.00 0,00 9.00 0.00 0.00 0,00 0.11 0.21 0.35 0.22 0.11
00 0 )
0957 63 11 4 2 N.00 0.04 0.12 0.16 0.11 0.19 0421 D.14 0.4l 0.71 0.37 0.21
0957 63 11 5 1 Q.16 0.14 0,06 0.06 0.01 0,01 0.01 0,00 0.00 0,00 0.00 0.00
0957 63 11 5 2 0.01 0.01 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0400
0957 63 11 232 2,00 0,00 0,00 0,00 0,00 0,01 0.01 .00 0.00 0,00 0.00 O.00
0957 63 11 22 2 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.C0 0.00 0,00 0,01 0,00
0957 63 11 25 1 0,00 0,00 0,00 0.00 0,00 0.00 0.00 0.00 D200 0.00 0.00 0.00
0957 63 E1 25 2 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 G.00 0.00 0.00 0.00
0957 63 11 26 1 0.00 0.00 Q.00 0.00 0.00 0,00 0.00 0.00 0.00 0,00 2.00 0.00
0957 63 11 26 2 2.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.C0 J.00
0957 63 11 27 1 0,00 0,00 0,00 0200 0400 0,00 0.00 0200 0.00 0,00 3.00 .30
Co57 63 11 27 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00
0957 £3 11 29 1 0,06 0,04 0.06 0.09.0.06_0.01 0,01 0.00 0400 0.00 5.00 0.00
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0357 63 11 29 2 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
0957 63 11 30 1 0.00 0,00 0,00 0,00 6,00 0.00 0.00 0.00 000 Ou00 Q.00 0,00
Q95T 63 12 2 1 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0,01 0.04
0357 63 12 2 2 0,07 0,02 0.02 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00
0957 63 12 8 1 0.00 0.00 0.04 0.23 0,06 0.00 0,00 0.00 0.00 0.00 0,00 0.00
0957 63 12 10 2 0.00 0,00 0,00 0,00 0.00 0,00 0.00 0,00 3,02 0.06 0,13 0,12
0957 63 12 11 1 0,00 0,00 0.00 0,00 0,00 0.00 D.00 0.00 0.00 0.05 0,06 0.00
0957 63 12 11 2 0.03% 0.05 0415 0.06 (.02 Q.00 0.00 G.08 0,19 0.07 R.0% 0,02
0957 63 12 i2 1 0.00 0.03 0.00 0,00 0.00 0.00 0.00 0.00 G.00 0.02 0.08 0.02
0957 &3 12 12 2 0,00 0,00 0,00 0,00 0.00 0.00 0.00 0,00 Q.00 0,03 0.00 0,00
“NWS 3043 63 12 L3 3PM-MIDNITE 0.36 PRECIF DIST ESTIMATED WF . 045
0957 63 12 131 0.00 0.00 0,00 0,00 0,00 0.00 0.00 0.00 0.02 0.0l 0.00 0,02
0957 63 12 13 2 0,04 0.04 0.03 0.03 0.03 0.00 0.00 0.00 0.05 0.05% 0,03 0.03
ENWS 3043 63 12 14 IAM-4AM 0.11 PRECIP DIST ESTIMATED __WF .045
0957 63 12 14 1 0.02 0,02 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
— *NWS 0957 63 12 20 SPM=MIDNITE 0,51 PRECIP DIST ESTIMATED
0857 63 12 22 2 0.00 0.00 0.00 0.00 0.0l Q.04 0.13 0O.Ll4 J404 0.03 0.03 0.02
ENWS (0957 £3 12 .23 |AM-TAM Q.27 PRECYIP DIST ESTIMATED _WF 4136
0957 63 12 23 1 0.02 0.03 0.04 0.04 0.06 0,03 0.02 0.00 0.00 0.00 0,00 0.00
NO5T 63 12 23 2 0,00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00
0957 63 12 24 1 0.00 0.00 0,00 0,00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 Q.00
0957 63 12 26 2 0,00 0,00 0,00 0,00 0.00 0.00 0.00 000 0.00 0,00 0,00 0,00
0957 63 12 27 1 0.00 0.00 0,00 0,00 0.00 0,00 0.00 0.00 0.0 0,00 0,00 0.00
0957 A3 12 27 2 .00 0,00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0,00
*NWS5S 3043 63 12 31 2PM-11PM 1.00 PRECIP DIST ESTIMATED WF 045
0957 63 12 31 2 0,00 0,13 0.02 Q.03 0.01 0,17 0.18 0.0 0.07 0.13 0,17 0,00
®NWS 3043 64 0L OFL LAM-TAM 0.23 PRECIP DIST ESTIMATED WF . 045
0957 64 1 1 1 0,03 0,04 0,03 0,03 0.03 0,02 0,03 0.00 0,00 0,00 0,00 0,00
0957 64 1 3 2 0.00 0,00 0.00 D,00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 0.00
0957 64 1 41 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0,00 0.00 0,00 0.00
0957 64 1 4 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00'0,00 0.00 0.00 0.00 0.00
—*NWS 3043 64 01 Qb 1OAM-]10PM 0.52 PRECIP DIST ESTIMATED WE L0459
0957 64 1 6 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0,06 0.11
Q957 64 1 H 2 Q.15 0,16 0.07 0,01 0.00 0.0L 0,01 0.03 0,03 0,04 0,01 0,00
0957 64 1 7 1 0.00 000 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 .00
0957 64 | 7 2 (.00 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.0Q 0,00 0,00
6957 64 1 B 1 0.00 0.00 0.00 G.00 0.00 0.00 0400 0.00 0.00 0,00 Q.00 0,00
0957 64 1 9 2 0.40 0,00 Q.00 0,00 0.00 0.00 0.00 0,00 0,01 0.24 0.09 0,47
0957 64 1 9 1 0.31 0.09 0.04 0,04 0.01 0,00 0.00 Q.00 0.00 0.00 0.00 0.00
0957 &4 )} 9 2 0,00 D,00 0.00 0.00 0,00 0.00 0.0Q 0,00 0.00 0,00 0.30 0,00
0957 64 1 101 5.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0957 64 3 11 1 (.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0.00
0957 64 1 11 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
Q957 64 't 12 1 0.00 0.00 0.00 0.00_0.00 0.00 0.40 D.00 0.02 D.03 0,02 0.0Q0
0957 64 1 12 2 0.06 0.0l 0.0l 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0957 64 1 13 ) (0,01 0.01 0,01 0,00 0.00 0,00 0.00 0.00 0,00 0,00 0,30 0,00
0957 64 1 13 2 0.00 0.00 0.00 0.00 0.00 D, 00 0.00 0.00 0.00 0.00 0.00 0.00
(1957 b6 | 14 1 0,00 3.0D 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0,00 0.00
*NWS 3043 64 01 19 11PM-MIDNITE 0.23 PRECIP DIST ESTIMATED WF .045
0957 64 ) 19 2 0.G0 0.00 0.00 0.00 0.00 0,00 Q.00 0.00 0215 Q403 0.08 0,05
*NWS 3043 64 01 20 1AM-3AM 0.07 PRECIP DIST ESTIMATED WF .045
0937 &4 1 20 1 0,10 0,02 0,00 0.00 0.00 0.00 Q.00 0.00 0,00 0.00 0.00 0,00
0957 64 1 24 1 0.00 0.01 0.00 0,00 0.01 0.14 0.18 0.33 0.19 0.09 0.07 0.07
09ST 64 ) 24 2 0,01 0. 07 0.29 0,06 0.08 0.8
0957 64 1 25 1 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2,00 9.00
2957 66 1 3] 1 Q.00 0.00 0.00 .00 0.00 0,00 0.00 0.0 0.086 0.06 0:06 0,02
0957 64 1 31 2 0,02 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00
- Q987 64 2 5 2 0,08 0,10 0.0& Q.03 0,00 0.08 0,03 0,11 0,065 0.00 0,00 0,05
0957 64 2 & L 0,03 0,01 0.00 0.00 0.00 0.00 0.00 9.00 0,00 0.00 0.00 0.00
U957 64 2 6 2 0.00 Q.00 0.00 0.00 0.00 0,00 0,00 9.00 0.00 0.00 0,00 0.Q0
0957 64 2 7T 1 0.00 0.00 0.00 0.00 0.00 0.0C 0.00 0,00 0,00 0.00 0.00 0.00
0997 &4 2 7 2 p.oo 0.00 0,00 0.00 0.00 0.00 0.00 0,00 D.00 0.00 0.00 0.00
0957 64 2 16 2 0.00 0.00 0.00 0.00 D.06 0,00 0.00 0.00 0.00 0.00 0.00 0.030
O957Y sr&4 2 131 1 0,00 0.00 0.00 0,00 0,00 0.03 0,01 0,00 0.00 0,00 0.00 0,00
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0957 64 2 13 2 0.00 0.01 0.0% 0.00 0.0l 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0957 6& 2 16 1 .00 0,00 0.00 0.0} 0.07 0.02 0.03 0,01 0.01 0.02 0.15 9,18
0957 64 2 15 2 0.37 0.25 0ull 0.02 0.C0 0.00 0+00 0.00 0.00 0.00 0,00 0.00
cosT &% 2 16 1 2.00 0,00 0,00 0.00 0.00 0,00 0.00 0.00 000 0.00 3,00 0,00

©NWS 3043 64 02 L7 10PM=MIDNITE 0.30 PRECIP DIST ESTIMATED WE . 045
0087 &4 2 17 2 0,00 0,00 0,00 0,00 0,00 0,00 C.00 0.00 0,00 0.02 0.064 0.09
*NWS 3043 64 02 18 1AM-TAM 0s+45 PRECIP DIST ESTIMATED WF 045
0957 64 2 17 1 0,15 0.15 0.0% 0,00 0.00 0.01 0,08 0,07 0.01 0,00 0.00 0.00
0957 &4 2 13 2 0,00 0.00 0.00 0.00 0,00 0,00 .00 0.00 2,00 0.00 9.00 7.0l
0957 64 2 % | 0.02 0,01 0,00 0,09 0,00 0,00 0,00 0.093 3,00 0,00 0.00 2.30
9957 &4 2 21 1 0.00 0.00 0400 0.00 0.00 0.00 9.00 0.00 0.00 0,00 0.00 0,00
0997 &4 2 21 2 0,00 0,00 ¢,00 0,00 0.90 €.00 0,080 0,00 0.00 0,00 0,00 Q.00
0957 64 2 22 1 0.00 J.00 0.00 0.00 0.G0 0.00 0.00 0.00 0.00 0.00 90.00 o, 00
0957 64 2 25 1 Q.00 0,00 0,01 0.09 0.08 0,04 0.0l 0,03 2,06 0,09 30,02 Q.03
0957 64 2 25 2 0.00 0.00 0,00 0.00 0.00 0.00 (.00 0.00 0.00 0.00 0.00 0,00
Q35T 64 2 26 2 3.00 0,00 0,00 9.00 0,00 0,00 0,00 0.00 0.00 0,00 0,00 0,00
0957 64 2 27 1 0,00 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 0.30 0,00
0957 &% 2 27 2 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 3,00 0,00 J.00 0,00
0957 64 2 28 1 0,00 0.04 0.04 0.03 9,07 0.06 0.0l D.01 0.02 0.02 0.00 0,00
0957 A4 7 29 ) 0.00 0.00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0.00 0,00 .00
0957 64 2 29 2 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00

__“ﬂﬂil%ﬂk_AL_J_1_QLQQJLJHLQ;QQ_Q;QQ_thLﬁ4QQ_QLQ_£hQﬂJQAMliLQQm0 00 0,03

0957 64 3 1 2 0,00 0.00 0.0t 0.03 0.00 0.00 0,00 C.00 0.00 0.00 0.00 0,00
0957 &4 3 2 1 0,00 0,01 0,01 0,00 0,00 0,00 9,00 0,04 Q.07 0,10 0.13 0.27
0957 64 3 2 2 0.36 0.33 0.24%4 0.0l 0.00 0.0L 0.00 0,00 0,00 .00 0.00 0,00
0852 64 3 41 2,00 0,00 0,00 0.04 0,02 0,00 Q.01 Q,02 0,02 0,01 0.00 0.00
0957 64 3 4 2 0,00 0.00 0,00 0.00 0.00 0.04 O.14% 0.23 0.3! 0.00 ¢G.00 0.00
0957 6% 3 61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00
0957 64 3 6 2 0,00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 .00
0957 64 3 71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,00 0,04 0,32 0.04
0957 64 3 7 2 0,02 0.0l 0.00 D.00 0.00 0.03 0.00 0,05 0.00 0.00 C.00 0,00
0957 64 3 92 0,00 0,00 0,00 0.02 0,00 0,00 0,03 0,36 0.03 0.05 0.00 0.00
0057 64 3 10 1 0,00 0.00 0.00 0.00 0.00 0.00 0.,00.0.00 0.00 0.00 0.00 0.0D
0957 64 3 14 1 0400 9,00 0,00 3,00 0,00 0,05 0,08 0,31 0.90 0,36 0.29 0.03
0957 64 3 14 2 0.02 0.04 0.09 0.21 0.15 0.10 Q.08 0,04 0.0% 0.09 0.05 0.06
0957 64 3 15 1 Q.16 0,11 0,11 0,04 0,04 9.0]1 0,00 0,00 0.00 0.00 G.00 0.00
0957 64 3 19 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00.0.,00 0,90 0.00 0.00 0.00
Q257 64 3 1% 2 0,00 0,00 0.00 0,00 0,00 0.00 0.00 0.00 0,00 0,00 0.00 0.00
0657 64 3 19 1 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 .00 0.00
0957 66 3 13 2 0,02 0,05 0,06 0,08 0,09 0,01 0,90 0,00 0,00 0,00 D.G0 0.00
0957 64 3 20 2 0.00 0.00 0.00 0.00 D.00 0.000.00 0.00 D.02 0.17 D.OL 0.02
pas7 H& 3 21 1 0,04 0,0] 0,00 0,00 0,00 0,00 0,00 0,00 0.2 0,00 0.00 0.90
0957 64 3 21 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0,00 0.00 0.00
0957 64 3 22 ) 0,00 0,00 Q.00 0,00 0,00 .00 Q.00 0,00 0,00 0,00 0.00 0.00
0957 64 3 25 1 0,01 Q.01 0.32 9.21 0.16 0.39 0.44% 0.22 0.15 0,03 0.00 0.03
Q957 64 3 25 2 0,08 0,09 0,10 0.33 0,32 0.08 0.00 0,00 0.65 Qa27 Q.06 0.04 _
0957 64 3 26 1 0.03 0.00 0.01 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00
0957 64 4 1 1 0,00 0,00 0.00 0,00 0,00 (.00 0,00 0.00 0.00 0,00 0.00 0,00
0957 64 4 1 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0957 64 4 2} 0,00 0,00 0,00 0.00 0.00 0.00 D00 Q.00 0.00 0,00 0,00 Q.00
0957 64 4 2 2 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00 0.00 0.00
0957 64 & 3 ) 0.00 0.00 0.00 0.00 Q.00 0.00 0,00 0.00 0.Q0 0.00 0
0957 64 4 3 2 0.00 0,01 0.01 0.00 0.00 Q.00 0.00 0.00 0.00 0.06 0,00 0,04
0957 64 4 4] 0,05 Q.07 D.13 0.0l 0.09 0,21 0,06 0.07 0,01 0,00 0.00 0,00
0957 64 4 5 2 0.00 0.00 0.00 0.00 0.00 0.03 0. 06 0.18 0.19 0.18 0.12 Jal1

ENHS 0957 64 04 06 JAM~5AM _ 0.33 PRECIP DIST ESTIMATED F
0957 64 4 6 1 0.24 0,09 0.11 0.08 0.05 0.00 0,00 0.00 0,00.0.00 0.00 0.00

*NWS 0957 64 04 07 2PM-9PM 0.60 PRECIP DIST ESTIMATED WF ,1386

D957 6% 4 7 1 0,00 0,00 0,00 Q0,00 0,00 0,04 0,39 0.03 0,01 0,53 0,28 0,901
095T 64 4 T 2 0.00 0.03 0,00 0.00 0.02 0.11 0.00 0411 0.02 0,00 0.00 0.00
0957 64 & 8 1 0,00 0,00 0.00 0.00 0.00 0.00 0, 00 0,00 9,00 0,00 0.00 0.00
9957 64 4 12 1 0.00 0400 0.00 0,01 0.00 0.02 0,04 0.06 0.09 0.10 0.17 0.06
_ D957 64 4 12 2 0u06 0.08 0.03 D02 0.02 0,04 0,03 0.0k 0.0L 0.00 3.00 0.00
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0957 64 4 13 1 0.00 G.00 0,03 0.14 0.29 0.11 0.03 0.00 0.28 0.23 0,22 0.05
DT 64 4 13 2 0,16 Q.00 0,00 0.00 0400 0,00 0.00 0,00 0.00 0.00 0.00 0. 00
0957 64 4 22 1 0,00 0,00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
0957 64 & 22 2 0,00 0.00 0,00 0.00 0,00 0.00 0.00Q Q.00 0,00 .00 0,00 0.00
0957 64 4 23 1 0.00 6.00 0.00 0.00 0.00 0.00 0,00 0.00 G.00 0.00 0.00 0,00
0957 64 4 23 2 0.00 0.00 0.0C 0.00 0.13 0,23 G.23 0,03 0.00 0,00 0,90 0,00
0957 64 4 24 1 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 3.00 0.00 0.08 0.0S5
Q957 64 4 24 2 0.Q01 0,01 0,00 0,00 Q.00 0.00 0.00 0.00 0.00 90,27 0,20 0,03
4 1 0.02

% 26 1 0,00 0.16 0.25 0.10 0.04 0.

02 0.00 0.00 0.00 0.00 0.00 0.00

Q957 64 25 0.00 0.01 0.00 0.00 0.00 0,00 0.00 0,00 0.00 0,00 0,00
*NWS 0957 64 04 26 L1PM-MIONITE D.06 PRECIP DIST ESTIMATED WE . 136
0957 64

Q957 6%

4 26 2 0,00 0,00 0.00 0.00 0.00 0.

0¢ 0.00 0.00 0.00 D.01 0.08 0.12

*NWS 0957 &4 04 27
D957 &4 4 27 ) 0,23 0,23 0,06 O

1AM=-3 AM

0.12 PRECIP DIST ESTIMATED
00 Q.00 Qa00 Q.00 0.00 0.00 0,00 G.00 0,00

WF .134

*NWS 0957 64 04 28  4AM-5AM 0.11 PRECIP DIST ESTIMATED WF L1368
0957 64. 4 28 ) 0,00 0.00 0.00 0.06 .12 0,00 0,00 0.00 0.00 0.00 0.00 0.0
D957 64 4 28 2 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0,00 0.00 0.00 0.00 0.00
Q957 64 4 29 1 0,00 0.00 0.00 0.00 0,00 0,00 0.00 0,00 0.00 0,00 0.00 0,00
0957 64 4 29 2 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
Q957 64 5 11 0.00 0.00 0,00 0.00 0,00 0.00 0,00 0,00 0,00 0,00 Q.00 9,00
0957 64 5 1 2 0,00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
*NWS_0957 64 05 02  BAM-MIDNITE l.74 PRECIP QIST ESTIMATED

0957 64 5 2 1 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.16 0.0l 0.05 Q.12
Q957 448 5 2 2 0.23 0.5% Qo

0957 &4 5 3 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Q957 64 S50 2 0.00 0.02 0,06 0L02 0,00 0,00 0,00 0.00 0.00 0.00 0.00 0,00
0857 64 5 10 1 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0,00 0,00 0.00 0.00 0.00
D957 A4 5 10 2 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 Q.00 0,00
0957 64 5 11 ) 0,00 0,00 0.00 0.00 0.00 0,00 0.00 D.0O0 0.00 0.00 0.00 0,00
0957 64 5 20 ) 0,00 0,00 0.00 0.0

0957 64 5 20 2 0.00 0,00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
0957 64 5 21 1 0,00 ¢.00 0.00 .00 0,00 0,00 0,00 0,00 0,00 0.00 0.90 0,00
0957 64 5 22 2 0,00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0,02
0957 64 5 23 1 0,00 0,00 0.00 Q.00 0.08 Q.00 0.00 0,80 0,00 0.00 0,00 0,00
0957 64 5 23 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
0957 &4 5 24 3 0.00 0.00 0400 0,00 Q.00 0.0 .00 0.00 0.Q00 0.00 0,00 0. Q0
0957 64 S5 27 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00
0957 64 _ 5 28 1 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0.00 0,00 0,01
0957 64 5 28 2 0.00 0.00 0,00 0.00 0.00 0.00 0.27 0.02 0.00 0.00 0.00 0.00
0357 &4 5 31 1 0.00 . Q0 0,090 0.00 0.00 D00 0,00 0.02 0,02 0,32 0.02 0,02
09857 64 5 31 2 0,02 0.02 0,02 Q.02 0.02 0.02 6.02 0.02.0.02 0.02 0.02 0.02
D957 66 & 11 0,02 0,02 D02 0.02 0,02 0.02 0.02 0.00 0.00 0.00 0,00 0,00
0957 64 & 1 2 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.00
0937 54 6 2 1 0,00 0.00 0.00 0,00 0,00 0.00 0,00 0.00 0.00 0,00 0,00 0,00
*NWS 3043 64 06 06 2aM-TAM - 0.99 PRECIP DIST ESTIMATED WF .045

0957 &4 6.1 0,00 0,01 (.01

B 2 0.07 0.

Oeld 0.20 0.19 0.3%4 0,27 0,20 Qs
0957 54 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 D.00 0.00
0957 &4 11 2 0.00 0.00 0.00 0,00 8.00 Q.00 9.Q0 0.00 0.00 0,00 0,00 0,00
0957 64 £2 2 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.10 0,00 0.00
0957 64 6 15 1 0.00 0.00 0.00 0,00 0.00 0.00 .00 0.00 0.00 0,00 0,00 0.00
0957 &4 & 15 2 0,00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0,00 0.00 0,00 0.00
0957 64 6 16 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G.0D
— 0957 64 6 23 2 5,00 0,00 0.00 0.00 0.00 0.05 0.57 0.21 0.14 0.11 D.03 0,00
0357 64 & 24 1 0.00 0.01 0.00 0.00 0,01 0.00 0.00 0,00 0.00 0,00 0.00 0.00
Q957 64 6 26 2 0,00 0.00 De00 0,00 0,00 0,00 0,00 D03 0.00 0,00 0,00 G,00
0957 64 6 26 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,01 0.01 0.01 0.01 0.01
— 0957 64 & 24 0.01 0,01 0,0 0.01 0,01 0.0 0.01 0,01 0.01 0,01 0.01 Q.01
0957 64 & 27 0.01 0.01 0.01 0.01 0.0l 0.01 0.0L 0.00 0.00 0.00 0.00 0.00
0957 &4 & 30 0,00 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0,00 0,00 (.00 0,01
0957 64 7 11 0.00 0.00 0,00 0.60 0.00 0.00 0.11 0.08 Q.11 0.12 0,01 0,01
0957 64 7 1 2 0,00 0.00 0,00 0,00 (.00 9,00 0,00 0.00 0,00 Q.00 0,00 0,00
2 0.00 0.00 0.00 0.00 0.60 0.33 0.01 0.00 0.00 0.00 0,00 0.00

05 0,03 0,00

Lol + N - )

2
1
4

0957 a4 7 2

0957 64 7 7 1 0.00 0.00 0.00 0.00 0,00 0}00.0.00 0.02 0.02 0.02 0.02 0.02



— 0957 64 7 7 2 0.Q2 0,02 0.02 0,02 0,02 0,02 0,02 0,02 D.02 0,02 0.02 0,02
0957 64 7 B 1 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.11 0.00 0.00 C.00 0.00
Oui

0957 64 7 10 2 0.00 0,00 0.07 0.06 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
—_.0957 64 7 11l 2 0,00 D.02 D.01 0,00 0,01 0,00 Q.00 0,00 0,00 0.00 0.00 0,00

*NWS 0957 64 OT 12 9AM-6PM O.42 PRECIP DIST ESTIMATED WF . 136
23 0.24 D.21 0.30

0957 64 7 .
0957 64 7 12 2 0.04 0.00 D.00 0.00 0.00 0,15 0.00 0.00 0.02 0.00 0.00 0.00
0957 64 7 15 2 0,00 0,02 0,00 0,03 0,14 0,07 0,01 0,00 0.00 0.00 G.21 0,30
0957 6% 7 16 1 0.00 0,00 0.00 0,00 0.00 0,00 0,00 0.00 0.00 0,00 0,00 0.00

—..0857 64 7 16.2 0.00 (.00 0.90 0.00 0.00 0.00 0,00 0.00 9.00 0,09 0,00 0.00

09%7 64 7 17 1 7.00 0.00 0.00 9,00 0,30 0.00 0.00 0.00 D.00 0.00 0.00 0.00
0957 64 7 17 2 0,00 0.00 0,00 0,00 0.00 0,00 0,00 0,00 0.00 0,00 0.00 0,00
0957 44 7 12 1 3.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0,00 0.00 0.00 0.00
0957 64 18 2 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0.00 0.00
0057 64 T 19 1 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.G0 0,00 0.00
0357 54 1 19 2 0.00 0.00 0,00 0,00 0,00 0,00 0.00 0.00 0.00 0.00 0.C0 0,00,
0957 64 7 20 1 0.00 0,00 0.00 0.00 0.20 0.0L 0.22 0.16 0,68 0.10 3.0t 0.00D
0957 6% 7 20 2 0,00 0,30 0,19 0,03 0.00 0,00 0.00 0.90 0.00_0.00 0.03 3,30
0957 64 7 21 2 0.00 GaOl 0,00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 7,00 0.00
0957 64 7 221 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.0l 0.0l 0.0l 0.01 9.01
0957 64 T 22 2 0.01 0.0l 0.0l 0.0l 0.0l 0.0l G40l 0.01 0.01 0.01 0.91 0.01

___QEil_h&m_I_Zi;LAﬁL_L_QLgl_QLQLAO 01 0.01 0,0f 0.0l 0,00 0,30 0,00 2.00 0.00

0957 64 7 2 0,04 0.01 0.00 0.00 0,00 0.00 0400 0.060 0,00 0,00 J.00 0.00
0957 64 7 24 2 0.00 0,00 0,00 0,00 0,00 0,00 0.0) 0,00 0,63 0.00 0.00 0.00
0957 64 7 25 1 0.00 0,00 0.00 0,00 0.00 0.00 0,00 0.00 0.09 0.00 2.00 0.90
0957 64 7 25 2 9,00 0,00 0,00 0,00 0,00 0.00 0.00 0.00 0.30 0,00 3.00 0.00
0957 64 7 26 1 .00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00
...0957 64 T 26 2 0,00 0,00 0.00 0.00 0,00 0,00 0,08 .00 0.00 0.00 0.00 0.00
0657 &4 7 33 1 2,00 J.00 V.00 0.00 0.00 0.00 2.00 0.008 0.00 0.00 0.00 0,00
0957 &4 T 30 2 0,02 0,01 0,01 0,00 0.00 0.00 0,01 G,00 0.00 0,00 0.00 0.00
0957 64 2 4 1 0.00 0.00 0.02 0,01 0.03 0.00 0.00 9.00 90.00 0.00 0.00 2.00
Q957 64 2 4 2 9,00 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0,00 0.00 0.00
0657 64 f 5 1 0,00 0.00 0400 0.00 0,00 0.00°0.00 0.00 2.0G0 0.00 0,00 0,00
0957 64 3 5 2 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0.00 0.00 0.00
0857 64 2 6 1 0,00 0,00 0.00 0.00 0400 0,00 0.00 0.00 0.00 0,00 0,00 0.00
0657 64 8 10 2 0,00 Q.00 0.00 0,00 0,00 0.07 Q.00 0,00 0.00 0.00 0.00 $.00
0957 64 2 11 1 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0,02 0.0L
Q957 64 8 11 2 0,03 0.00 0,00 0,00 0,00 0,00 0,00 0.00 Q.09 0,00 0.00 0.00
0957 64 8 14 2 0.90 .00 0.00 G.00 0.00 2.00 0.00 0.C0 0.02 G.00 0.30 0.00
D957 64 £ 15 1 9.00 G.00 0.00 0.00 0.00 0.00 0,00 D.00 2.00 0.20 0.10 0.30_ __
0957 64 8 15 2 0453 0,20 0.15 0413 0,10 0.05 0.00 0.00 0.00 0.00 2.00 0.00
*NWS 0997 64 {19 1h 4AM-GPM 1.22 PRECIP DIST ESTIMATED _WF _.138
0957 64 8 16 1 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.05 0.05 0.00 0.00 D.00
Q957 64 3 L6 2 2,00 0,00 0,00 0,00 0,08 0,04 0,02 0.00 J.05 0,00 3.00 0.0
0957 64 8 17 1 0,00 9,00 0.01L 0,00 0.00 0,00 0,00 9,00 0.30 0.00 0.00 0.00
0957 4 8 21 2 0,00 0,00 C.00 0.00 0.08 0.00 0.0} 0.00 0.00 0.00 0.00 0.00
0957 64 8 22 1 Q.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.01L 0.00
Q957 64 R 22 2 0,00 0.00 0,00 0,00 0,03 0,01 0,00 0,00 0.00 0.00 0.30 0.00
0957 64 3 23 | 0,00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05
G997 64 B 23 2 2,00 0,00 0,00 0,00 0,00 0,00 0.02 0.00 0,00 0.00 0,00 Da Q0
0957 64 7 25 2 0.00 0.00 0410 0,02 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
Q0957 64 8 26 1 0.00 0,00 0,00 0.00 0.00 0,00 0.90 0.00 0,00 0,30 Q.00 0.920
0957 64 8 27 1 0.00 0.00 0.00 0.00 0.00 0.00 0400 0.01 0.01 0.0L 0.01 0.01
0957 A4 8 27 2 Q.01 Q.01 0,01 0,01 0.0! D.0% 0.01 0,01 0.0) 0.0F 0.0l G.0L
0957 64 B 29 I Q.01 0.01 0.0l 0.01 0.01 0,01 0.01 0.00 0.00 0.00 0.00 0.00
0957 64 8 29 2 29,00 0,00 0,00 0,00 0,00 0.00 0,00 0.00 0.00 Q.00 0.00 0.30
0957 64 9 29 1 0.00 Q.00 0.00 0.00 £.D0 0.00 0.00 0.01 0,01 0.01.0.01 0.01
0957 64 8 29 2 0,01 0,01 0,01 0,01 0,01 0.01 0,00 0.00 0.00 6,00 0.00 Q.00
0957 64 8 30 1 .00 0.00 0.00 0.00 0,00 0.00 0.C0 Q.00 0.00 0.00 0.00 0.00
0957 64 R 31 2 0,00 0,01 0400 0,00 Q.00 0.00 0.00 300 0,00 0,00 D.00Q 0,00
0957 64 9 1L 2 0.00 0.00 2.00 3.00 0,00 0,00 0.00 0.00 0.01 0.01 9.00 0.00
0957 64 9 12 ) 0,00 0,00 0,00 Q.00 0,00 D.00 0.00 Q.00 0.00 G.00 0.00 0,00
0957 &4 9 17 1 0.00 0.00 0.00 0,00 0.00 0,00 0.00 0,00 0.00 C.00 0.00 0.00
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0957 64 9 18 1 0.00 0.00 0,00 0.00 0,00 0.00 0,00 0,01 0.18 0.03 0.02 0.00

0957 64 9 18 2 0,00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 9.05 0.00 .00 0,00
0957 64 9 19 1 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
0957 64 9 23 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0957 &4 9 23 2 0,00 0.00 0,00 0.00 0.00 0.00 0.00 8.00 ¢.00 0.00 0.00 0.00
0957 64 9 24 1 0.00 0.00 0.00 0.00 0.00 0.00 0,00 9.00 0,00 0.00 2.00 0.00
0957 £ Q@ 28 1 0.00 0.00 0,02 0.05 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
0957 64 9 29 1 0.00 0.01 0.04 0,21 0.05 0.02 0,00 0.00 0,00 0.00 3.00 0.02
Q957 f4 9 29 2 0,24 0.14 0.29 0,1
0957 64 9 30 1 0.03 0.00 0.00 0.01 0.00 0.0t 0.01 0,00 0.00 0.00 0.00 0.00
0957 98 9 30 1
-
* TOWN CREEK, ALA. (141 $Q. MI} 11/05/763 STJIIM  STUDY
— 1.0 1431.0 121 -1 1
1.0
l.f 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.1
l.1 1.1 1.1 l.1 1.1 1.2 1.6 2.6 4o
1.7 11.2 19.0 41.5 110,11 208.0 308.9 _ 410.4  466,9
521,717 566.7 614.2 £57.3 487.5 589.7 638.3 576.3 567.3
560.4 538,101 469.4  391.4 25,6 272.8 230,56 197.3 171.3
150.9 134%.8 122.3 112.4 104.7 9B.6 93.9 90.1 87.2
B%. 8 83.0 1.3 80.1 79.2 T8.% 17.7 17.2 Tha7
The b 76.0 75.7 T5. 4% T5.2 75.1 T4.8 T4e 6 Téaats
Taa? 13.9 73.8 13.6 73.4 T3.2 T3.1 72.9 72.3
T2.2 72+0 Tl.8 Tl.6 Tl.4 Tl.3 Tl.l 70.9 T0.7
0.5 70.3 I0.4 TQ.2 70.0 69. 8 69: 6 59,5 83222
69,0 68.8 68.6 68.4% 68,2 67.5 67.3 67.1 6649
6.7 6.5 66,3 G6a ] £5.9 65.7 £5.5 65,3 65.6
65.54 65,2 65.0
— % TOMWN _CRFFK, AlA. (14} SO, M1) QL/25764 STORM ST.ADY
1.0 141,0 121 -1 1
1.0
186, 0 185.3 1B4. 6 183.9 83,2 182.56 18L.9 t81.3 180.5
179.8 179,.2 178.5% 177.9 177. 3 17866 175.0 115.4% L14,.7
174.1 173.6 173.1 172.5 1T2.0 1714 170.8 170.2 169,.7
169,2 l4B. 7 180, 8 202.5 253.4 437.8 751.8 1111.1 1465,.5
1708.3 1919.2 2133.2 2419.56 2745.3 3082.3 3T61.3 4T21.6 5799.6
T023.7  7927.&4 8S54%4a
8378.2 T1904.2 7T715.8 T376.4 6585%.9 5507.8 548,56 3771.4 3148.9
2653.7  2259.)1 1943.9  1491.1 1587.4 1322.5 1186,3 1078.3 987.6
912.3 849.3 T796.3 T51.1 7T12.5 67T9,.1 650.0 624.5 601.8
581.7 563.7  S47.5 532.7 519.3 507.1 495. 8 585.3 475.6
66,7 458.4 450.8 443,5 436.8 430.4 %24.5 418,.9 413.6
9 383.,9 380.6 3174
374, 3 371.4 368.46 3b46.0 363.3 3560.8 358.5 356, 2 354,2
152, 1 350.1 348,72 i




* TOWN CREEK, ALA. {141 SQ. M1) 02/715/6& STORM STIDY
1.0 141.0 121 =1 1 . [
1.0

147.2 146. 7 labe 3 145.9 148. 4 149.9 152.5 152.8 153.2
155, 4 L73.9 152.2 234,4 406.7 734.3 1115.9 1502.2 178649
— 2009.6 2219.,8 2430,8 2538,7 2808,2 2883,9 2779.8 2570.2 2432.9
2482.0 2433.9 2237.5 194l.8 1661.9 1432.% 1247.5 1097.5 975.3
. B?5.1 1¢2.5 723.7 66,2 6l7.5 5716.2 540,.7 S10.1  _483,5
460.0 439,3 420.9 404.3 I89.4 376.0 353.7 352.5 342.2
332.7 324.0 315.6 308.1 301.1 294, 7 2%88,6 283,90 277.7
272.7 268.0 263.7 259,46 255.7 252.4 24%.0 248.6 259,.1
. _276.0 301.3 357.6 417.4 4R3,3 550. .3 606, 9 669.0 __715,.8
T683.4 218,2 R53.7 BTT.7 861.8 843,9 85%,2 868.5 B62,. 6
——__B22.8 175..9 715.1 100, 2 66,3 64 0.8 613 .9 583,10 566.4
545.5% §26,2 508, 3 491.8 476.4 461.8 448.6 436.3 426,9
414,2 404, 2 394,9 386,2 377.9 370.2 362,.9 35641 350, 2
344,.2 338,55 333,72

- % YOWN CREFK, AjA. {f4] SQ. I} . 03/14/6% STORM_ _STUDY .
1.0 141.0 121 -1 1
1.0

266.3 285.,2 264.2 263.2 262.1 2b61l.2 260.2 259,2 257.0
258,1 255,14 25442 253.3 252.4 251.6 250,7 249 .7 248.18
247.% 24T. 1 24T 5 24647 245. 8 245.0 244.2 243.3 242,95
- 241.7 240.9 241a.1 247.9 267.6 348,55 900,66 1840,8 23H4.7
4166.4 4955.4 5691l.6 6292.7 697%.9 7673.9 B8283.4 8594.89 B8291.0
T75%.1 T640.2 7622.,4 7560,]1 7000.7  6246,7 5458.7 4T73.2 4251.4%
3874.0 3572,6 3294.1 3027.8 2B00.1 2510.5 2436.3 2271.7 2138.4
20%0a5 1944,7 18%46,1 1738,8 1635,9 1543,6 1453.7  1384,0 1315.2
1252.5 1195,1 1142.5 1094.2 1049.5 10068.3 370.2 934.8 901. 4
_P70.9 842, 5 816.1 191.% T6B.4 T46,9 T26.9 707.8 _ 690.3

673.9 658, 5 644, 6 631,1 618.% 60656 595.5 585.0 575.1
.. 565.,% @ 557.1 5489.9 541.2 533.9 526+5 520,90 513,% 598.1
502.6 497.3 492. 4 43T.7 4R2.9 478.7 4T4.6° 470.8 46T.6
464.0 460,7 457.4

* TOWN CPEFK, AL&, (l4l 5Q. MI) 05/03/64 STIAM  STUDY
1a0.1%1.0 120 =1 1 o
1.0

379.4 377.93 376,3 374.9 373.4 372.0 370.6 369.2 367.0

355,7 364, 4 363,1 361.8 360.5 359.2 353.0 3556.5 355.3

354, 1 352,9 352,85 351.3 350.1 348.9 347.7 346, 6 345%. 4

34443 343.1 342.0 340.9 341.1 348.5 348.9% 354.2 369.6

e 393.3 44k, 6 689, 2 1356,0 2330,] 3I412.2 4360,6 5050.1 5573.6
6261l.B 6851,7 T3B2.6 T729.9 T695.1 7237.5 6809.2 6705.]1 6633.8
6305.5 5612,9 4B13,6 #105.3 3527.8 3063.9 2633.8 2384,9 2134,2
1926,2 1753.9 £609.2 1487.1 1383,1 1294,9 1217.7 1150.4 1091.2
1038, 9 992, 4 250,06 913.,0 pre,.0 848.0 B19,.7 793.7 168.7

T46.7 T26.3 T07.4 689.9 673.6 658. 4% 544.2 430.6 6le,2
606.5 595.7 5836.6 577.0 56B.0 559.% 551.5 549%.Q 936.9

530. 2 52%.8 517.9 512.2 506.3 50L.0 %36.,2 491.6 437.2
483.1 479,11 475, 3 471.7T 468. 0 464, T 461.5 495944 49942
453. 4 450.7 448,1 ’

* JOWN CREFK, ALA, {1451 SO, MI) QA/15/64 STORM ST DY

1.0 141.9 121 -1 1

1.0
53.2 53.0 92.9 52.7 52.6 52.4 52.2 52.1 5t.1
51.0 50,8 50.6 50.5 20,3 50.2 50.0 49,9 49.7
49. 0 49, 4 50.1 49.7 49.7 49.6 49.4 49,3 49,1
49,0 48,8 4B8e T 4800 48, 4 47,0 47,6 49,6 61,

25,3 175.3 282.4 195.1 502.7 557.8 612.2 657.8 T08.9
754, 2 185.9 IB1.2 127,7 6594 655,41 643 .8 62542 248.4
46T 56 402.4 350.6 307, 2 273.3 246. 7 225.9 209.5 196.8
186.8 181.7 178.2 174,3 170.2 1716 - 1469.1 167, 1 16544
163,78 1562. 4 iel.2 160.2 159.2 1658.2 157 .4 156.7 154.7
154.0Q i53.3 152.6 151.9 151.2 150, & 150,0 14%. % 148,9
148, 3 147. 8 148.6 las.]l 147.6 147.1 l46,.6 l46.2 145.7
145.3 1448 144+ 4 143,% 143,5 142. % 141.9 141.5 141.1
140.6 140.2 139.8 139.3 138.9 138.5 138.0 137. 6 137.9
137.5 137.9 136.6




1

ZL-y

YEARLY STATISTICAL SUMMARY

MONTHLY DAILY
REFERENCE SIMULATED REFERENCE STMULA TED
MEAN 9914,90 10085,50 325.06 330.65
MAX T MLIN 32757,35 34005,84 5530, 90 6017.22
YARIANCE 110596272,00 117735280.00 429042.81 601067.06
i~ STANDARD DEVIATION _ 10516.48 10850.59 655,01 175.29
.SUM OF tREFERENCE — SIMULATED) -2047.31 ~-2047.32
RQDT SUM SQUARE 2630.7T 3268.44%
SUM SQUARED : 0.39 ' 54.14
SUM SQUARED (IBM METHOD) 0.31 48.38
CORRELATION COEFFICIENT 0.9979 0.985%

SUMMARY OF MONTHLY AND ANNUAL TOTAL S

— g

ocr NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT ANNUAL
PRECIPITATION 0.100 4.580 3.790 6.320 3.57T0 11.240 9.140 3.670 3.810 T«010 3.090 1.910 58.230 IN
EYP/TYRAN-NET 0.317 1.106 0.412 0.45] 1.034 l.584% 2.583 3.646 3.082 4.368 3,320 1.810 23,714 IN
—POTENTIAL 2.296 1.155 0.412 0.451 1l.034 1l.584 2.772 4.753 3.836 5.024 445645 ° 2.891 30.753 IN
UNCFF 0,000 0, 347 0.123 3-431 0,834 5292] 3,314 1405 04549 1337 0,232 0,015 17 51G N
INTERFLOW 0.0 = 0.0 0.010 0.306 0.268 0.917 1.017 0.214 0. 000 0.043 0.0 0.0 2.T74 IN
0, 000 1.490 )] 2346 315 04 564 1,063 0.530 =13 26656 IN
.STREAM EVAP, 0.000 D.001 0,000 0.000 0.001 0.002 0.003 0.005 0.004 0.005 0.00% 0.003 0.028 IN
TOT! [, 0,785 5227 22321 82969 6074 2.929 1.109 22438 Q758 Q144 31.922 IN
TOTAL RUNOFFIREF) 0.0 0.370 0.791 4,798 2ete34 8.640 6.683 3.248 1.100 2.269 0.861 0.1l88 31.382 IN
REFERENCE TOTALS 0.0 1401.6 3000.0 1B189.9 9228.8 32757.4 2533646 12314.6 &170.2 8604.3 3264.1 Til.é 118978.8 CFS
T 25302.3 111048.3 4§206.3  924%44.3 2B73.1 58443 121026,1 GF5
BALANCE -0.0117 INCHES
MONTHLY FLDW CORRELATIBN COEFFICIENT 0.9979

MEAM DAILY FLOW CORRELATION COEFFICIENT 0.9855




-y

*TOWN CREEK MR GERALDINE, Al. (1641 SO MI.) WY 64 STULY 5059. x

MEAN DATILY RPREFERENCE FLOMW 5. {CFS)

DAY ocT NOV DEC JAN Foe MAR APR MAY JUNE JULY AUG SEPT ANNUAL
1 0.0 8.9 16.0 512.6 289,% 209.0 363.6 363.1 T3.4 94,5 132.8  5D0.6
2 0.0 5.0 18.0 254.0 253.9 1585.9 337.2 2015.6 66.6 G4.6 123.4 47.1
3 0.0 1.3 19.5 204,.8 232.2 2093.4 313.2 3765.1 61.8 95.6 114.8 43.9
4 0.0 17.7 17.7 185.5 215.2 50647 555.8 733.0 57.3 90.% 106, 7 40.5
5 0.0 427.9 16.7 i71.8 233.4 1563.6 517.5 49044 53.1 82.7 99.0 37.8
6 0.0 82.6 15.5 295,2 371.3 451.0 1834.9 421.9 510.7 16.9 91.8 35.1
7 0.0 T1.9 l4.4 450,9 280, 4% 336.9 3055.8 385.3 212.0 73.8 85,2 2.6
a 0.0 67.1 29.3 26B.6 237 .4 339.3 1928.4 356.2 159.7 S4.2 79.3 30.3
9 0.0 62.5 24.6 2523.1 215.9 373.9 66l.6 330.6 144.4 .  B6.9 73.6 2841

10 0.0 579 24.2 480.3 200.3 1077.2 499.9 a07.1 133.1 332.4 68.1 26.1
11 0.0 54.0 T6.8 3ns.2 187.3 358.1 443.7 284.8 123.6 186.6 63.4 24.3
12 0.0 50.2 - 166.4 276.5 173.9 283.2 567.6 264 ,6 114.9 880.9 59.0 22.3
13 0.0 46,7 138,5 267.5 l62.8 256.6 2702.8 245,72 560.7 770.6 54,8 20.7
14 0.0 43.5 173.4 248.1 152.8 3832.7 1845.3 . 227.5 151.9 368.6 51.0 19.2
15 0.0 40.4 159.7 231.1 943.0 3175.% 708.1 211.0 122.6 309.8 288,0 17.9 -
16 0.0 37.4 149.3 215.3 1268.7 B47.6 540.5 195.8 112.7 284.3 337.9 16.7
17 0.0 34.7 139.3 200.3 03.4 512.8 480, 4% 181.7 104.7 261.3 153.5 15.8
18 0.0 32.4 12%,% 186.2 680, 9 427.1 441.8 l168.8 97.2 242.7 L41.2 16.3
19 0.0 30.1 120.9 L79.0 438.4 $07.4  408.% 156,56 90,3 225.1 131.0 14.%
20 0.0 28.0 112.5 321.0 290.3°  446.9 379.0 145.3 83.8 1203.4 121.7 13.0
21 0.0 2640 104.6 240.6 248 .9 536.8 352.3 134.9 18.0 686. 6 113.13 11.8
22 0.0 24,3 lo07.7 197.3 227,1 %11.1 326.3 125.1 723 295.9 i05.,1 il.3
23 0.0 22.6 190.2 178.4 210, 1 350.4 331.8 116.2 89.2 26l.3 98.0 10.4
24 0.0 20.9 160.4 2377.4 195.1 319,3 573.0 107.8 20448 240, 2 91.0 9.5
25 0.0 19.2 145.4 5271.7 249.8 3855.7 1ll14.5 100.2 124.5 222.8 B4, 7 B.9
26 0.0 18.1 134.8 582.2 262.1 5430.9 1020.6 93.0 1l4.8 207.5 T8.3 8.5
27 0.0 16.8 125. 4 379.6 216.90 92B.5 1408.4 BHae3 108.9 192.,2 73.2 7.9

28 0.0 15.6 16,7 328.9 248.9 55643 721.4% Bl.3 101.6 L78.5 6T.9 7.0

29 0.0 20.6 108.5 301.1 239.4 467,0 453, 8 79.7 Fhe? 166.0 63,0 30.3

30 0.0 17.3 100.9 278, 7 424.2 403.5 T2a1 a8t.4 154.5 5B8.5 53,3

3l 0.0 142.8 286,4 392.0 68,5 143,0 54,4

AEFCRENCE
TQTALS 0.0 1401.6 3000.0 18189.9 9228.3 32757.4 2533646 12314.6 4170.2 B8604.3 326%.1 7il.6 118978.8 CFS$S



*TOWN CREEK NR GERALDINE, At,

(141 SQ MI.)

WY &4

STUGY

s$g59 *

Pl-v

MT AN DATLY SITMUL ATED L OWS (CES)

DAy ocT NOV DEeC JAN FES MAR APR MAY JUNE JULY AUG
1 g.0 10,5 12.7 1028.8 235.0 165.1 245.4% 255.5 53.3 69.3 89.8
2 0.0 Seb 14,7 214.0 182.,3 2029.4 227.7T 2323.0 47,7 69. 7 83.6
3 ¢.0 1.1 16.0 165.3 162 .4 2336.8 211.6 4217.8 4443 71.9 TTaT
4 0.0 37.5 14.3 14G.8 1459, 5 415.5 6359.0 526.8 4l.1 68.5 1243
5 0.0 1302.5 3.5 138.9 134.6 1858.2 47646 34]1.1 38.0 61.0 67.1
& 0.0 82.7 12.4 502.7 446.5 31l.2 2706.3 292.1 1055.9 56.7 62.1
7 0.0 56.3 11,6 66041 235.9 241.0 3257.8 266.6 337.7 54.8 57.7
8 0.0 52.6 32.7 215.5 180.3 270.5 186T7.6 246.7 102.2 75.3 53.8
9 0.0 49,1 20.B  3244,2 160, 4 215,4 462, 1 229.1 95.3 67.0 49.9

10 0.0 4545 19.9 374.5 148.0 1174.6 341.5 213.1 88.5 605.5 4641
11 0.0 42.4 9B.4 217.6 L38.6 268.7 302.1 197.7 82.2 2i2.8 43,0
12 0.0 39.5 27841 201.0 i28.7 205.3 563, 2 183,9 T6.5 2068.1 9.9
13 0.0 36.7 120.6 198.2 120.9 183.8 3427.9 170.4% 6B4.6 1063.7 37.1
14 0.0 34.2 152.8 183.3 115,2 4387.4 1750.5 158.1 107.5 233. 4 34.6
15 G.0 3l.8 137.7 170.8 1271.5 3898,0 490. 4 146.7 80.2 202.0 506.1
16 0.0 29,4 128.8 159.4 1474.6 655.4 373.5 136.2 T4.3 18T.4 537.9
17 0.0 27,2 120.3 148.4 203. 17 3163.9 332.2 126.5 69.1 172.2 109.9
18 0.0 25.4 112.3 138.1 1032,.1 298.7 305.7 117.5 64.0 160.1 99. 6
19 0.0 23.7 104.6 136. 4 371.6 294.7 283.2 109.1 59.5 148. 4 92.4%
20 0.0 22.0 97.4 419,86 20846 382.7 262.5 101.3 55.3 1489.5 85.8
21 0.0 20.% 90.6 20642 174.4 5tb.6 2445 .4 34,0 Si.5 718.7 80.0

22 0.0 19,1 104, 7 154.5 158. 2 306.6 226.% R7.2 4T .6 195.8 T4a.2

23 0.0 17.7 284.6 137.3 l46.2 253.9 264.9 Bl.0 82.3 175. 4 69.2

24 0.0 164 144,00 3144,5 135,8 23002 526.4% 5.2 329.9 162.0 [ L

25 0.0 15.1 128.2 6017.2 221.8 4865.6 1289.7 T0.0 87.5 150.5 $9.8
26 0.0 14.2 118.6 406,.0 240.4 5504.3 1192.7 65.0 TE.B 140. 4 55.7
27 0.0 13,2 110.4 253.8 168, 7 636.0 1689.0 60.2 75.2 129.9 51.7

28 0.0 12.3 102.8 220.8 222.4 372.2 582.1 56.9 T0. 4 120.7 4T.9

29 0.0 17.0 95.6 202.4 209,3 314.1 372.8 56.6 65.1 112.3 o b

gLy 0.0 13.8 88.9 187.6 285.7 287.0 50.7 60.5 104.6 4l.3

31 C.0 190.2 218.1 264, 4 48.4 36,8 8.4
SIMULATED
TOTALS 0.0 2114.8 2978.0 19815.4 BA37.7 34005.8 25302.3 11104.3 4206.3 9244.3 2873.1 121026.1 CFS
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*TOWN CREEK NR GERALDINE, Al. (14l SQ MI.} WY 64 STUDY S059 & -
OLT NOY DEC JAN FLi MAR APR MAY JUNZ JULY AUG ScPT ANMUAL
STORAGES-UZS 0.0 0.203 0.420 0.360 0.330 0.133 0.110 0.227 0.024 0.0 2.0 U.306 IN
LZS J.183 2. 859 4o %92 5.201 5.647 6.204% 6.085 3.826 3.613 3.722 2937 24613 IN
1Fg 0.0 0.0 0.019 0,006 0,001 0,0 0.000 0.0 0.0 0.0 0.0 v.0 iN
GWS 0.000 0.044 0.562 D696 0.580 0.912 0.93% 0.175 0.212 0a338 0.136 Oal1ll IN
INDICES- UZC 0.295 0.250 0.250 0,250 0.250 0.250 0,250 0294 0250 0.297 0.309 0.250
BFMNX 0.016 0.130 D.86& 1.381 1.33% 2.039 2.284 l.12% 0. 807 0.983 0.581 U334
SIAM 0.983 0. 865 0.718 0.584 Ne774 0,368 1.000 l.124 1.109 1.157 la154% 1.064
DATLY FLOW DURATION AND YRROR TABLE
FLOW INTERVAL CASES AV.ERROR AVR. #BS. ERRDR STANODARD ERRQR
0.0~ 31.0 0.0 0.00 0.00
1.0- 1.0 =0.2 Q.21
1-6- 0.0
2o~ 0.0
445~ 2.0 =07 1.37 1.94
Tob— 8,0 —2,3 2.69 1.63
12.2- 20.0 =2.7 4469 5.34
20a.1- 19.0 ~5.0 6,09 3.94
33.1- 17.0 -10.5 11.6% 92.91
54, 6= 37.0 -18,9%9 20,03 8,89
20,0~ 54,0 -28.2 30.00 14.92
148.4- 3.0 ~40.1 53.61 41l.54
244,77~ 57.0 =55.0 94.91 49.79
403 .4 34 .0 ~25.3 l6T.45 235.95%
665,1- 12.0 117.8 292 .44 408.09
1096,6~ 6,0 281.0 2R0.98 93.23
1808.0- 8.0 435.0 473.89 386.62
2981.0- 5.0 5B89.3 5RB8.27 301.79
4914.8- 2.0 609,5 603,48 192.39
— 4103.1- 0.0
13359.7- 0.0
S 22026.5~ 0.0
. 366.0 56 21.65 1791.97
CORRELATION COUFFICIFNT (NATILY) 0, 3R85

TWFENTY HIGHEST CLOCKHDUR RATMFALL EVENTS IM THE WAT-R YEAR

0.900 0.860 0.710 0.630 0.650 0.630 0.5600 N.600 0,570 0.550 0.530 0.530 0.500 0.470 0.440 0.410 0.390 Q.

390 0.370 0.370

TWENTY HIGHEST CLICKHOUR OVERLAND FLOW PUNDEF EVE NTS IN THe WATER YEZAR

0.738 0.684 0.564 0.557 O.444 0.400 0.1A9 A.34T N_22A A 237 n a9

no oane

~ e

n A
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5059

WY 64 STUDY

1141 SQ MI,)

*TOWN CREEK NR GERALDINE, AL,

DAILY SOIL MOISTURE

APR MaY JUNE JULY AUG SEPT

MAR

KOV DEC JAN

acTy

DAY

2.6
1.7

2.9

43
3.7

3.8
4.0
3.8
3.6

Se6
5.4
542
5.1
446
4.1
4.0
3.8

6.2
645
5.5

5.8
5‘8
6.0
6.0
be?2

5+%
Set
5.5
5.5
Be &

4.7
4.9
4-9
49
5.3

2.9
2.9
3.7
4.0
4.0
4.0
L
445

0.8
3.1
3.1
3.1
2.9

0.3
0.3
0.3
0-3
0.2

11
L&
15
16
19
20
21
22
23
26
27
28
29
30
31

0 CKWMAIN=

0 IBFLAG

CONOPT(15)

Q

o CONCPT{10)=

MULTT=

I8FLAG= 13 KWMATN=

0

CONOPT(15)=

0

0 CONDPT(10)

MULTI=

IENDFG= 0 I1SFLAG= 13 MAIN=

0

IDFLAG=




TOWM CHEEK: ALA. (141, SQ.MI.)} STORM 11/05/63 sTUDY 5059  *
REFERENCE  SIMULATED DIFF InIFF TANNUAL DIFF

L DIAK(CFS) 689,7 2232.5 1543.30 223.8

ANNUAL

PCAK [ZFS) 11684.1 13.2

PEAK (HR ) 33 33 0 0.0

TUNDFF{ I NY 0.18 0,40 0,23 129 ,5 .

TOWM _CRITKy AlLAe (l4ls S5Q.MI.) STORM 01/2S5/64 STUDY 5059 ¢

FIFFRENSTS  STMULATES niFF IrIFF FANNUBL TIFF

PEAK(CFS) 9B83%.7 1167149 1432.30 1B.6
ANNUAL
PEAK{CFSY 11684,.1 15,7
PEAK (HR) 53 52 -1 1.9
RUNOFELIN) 2231 2.62 0,31 13,4

TOWN [REEK, ALA., fl4l. SQ.MI.} STORM  02/15/64 STUDY 5059 =

FEFEREMCE  STMULATED DIFF INEF TANNUAL CIFF

PEAK{CFS) 2883,9 4023, 6 1140,10 39,5
ANNUAL
PEAK LCFS) 11684,1 9.8
PEAK({HR} 24 24 o] 0.0
RUNOFFLING D.96 1.15 0a.19 19.9
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TOWN CREFK, ALA, (141, SO.MI.) STORM _03/14/64 STUDY 5055 =
REFERENCE SIMULATED DIFF  %DIFF  ZANNUAL DNIFF
PEAK{CES) B594.8  10033.7 1439.20 16,7
ANNUAL
PEAK(CFS) 11684,1 12.3
PEAK(HR ) 44 44 0 0.0
RUNIFFLIN) 2.27 2,50 0.23 10,1
TOWN CREFK, ALA, {141s SQ.MI.) STORM _05/03/6% STUDY 5059 =
REFERENCE SIMULATED OIFF  SDIFF  TANNUAL DIFF
PEAK(CFS] 7729.9 9399.9 1670.10 21.6
ANNUAL
_PEAK{CFS) 1168%.1 1443
PEAK (HR) 49 49 ] 0.0
RUNQOFE (N} 1494 2,02 0408 4ol
TOWN_CREEK, ALA. (141, SQ.MI.) STORM 0B/15/64 STUDY 5059 %
REFERENCE SIMULATED DIFF  XDIFF  TANNUAL DIFF
PEAKICFS) 787.2 1573.4 186.80 99.9
ANNUAL
PEAK (CFS) 11684,1 627
PEAK(HR) 48 48 0 0.0
RUNDFF{IN) 0.26 0,34 0+08 32,8

A-18



6L-v

*TOWN CRESK NP GEUALLOINI, AL, 1141 SQ MI.L)

WY 64

STubY

$059 =

TOTAL NAILY STPEAMFLOW STATISTICAL SUMMAFY FOR 1 WATER YRS
MZAN  MAXTMUM  WARIANCE STO SUM ROAT CORR
QEV oF SUM COLFF
(CFS) {CFS) 0-5 SQUAR £
REFZRENCE WY 64 325 5430 429042 655
STMULATZD 330 6017 601067 775 ~2047 3268 0.99
MODEL L2cC BMIR SUZC BUIC ETLF SIAL  VINTMR CSRX FSRX BFRC OFMN NCTRI  EPAET MNRD AREA CHCAP BIVF {FRC
PARAMETERS 4.0 3.5 0.20 0.20 0.20 0.25 0.15 0.5%4 0.94 0.93 0.050 16 31.04 *%%d*  141.0 4800.0 U.50 u.18
*TOWN CREEK NR GERALDINE, AL. (141 SQ MI.} WY 64 STUDY 5059 «
TOTAL MONTHLY STREAMFLOW STATISTICAL SUMMARY fFor ] WATER YRS
MEAN MAXIMUM VARTANCE S$TD Sum rOOT ORIZST CORR
REV GF SUM MONTH ** (COEFF
(CFS) {CFS) 0-s SQUARZ (CFS)
REFCRENCE WY 64 9914 32757 110596272 10516 04 1)
SIMuLATED *i ok 34005 117735280 10850 -2047 2630 o« 1.00
MIDEL L2¢C BMIR SUZIC BUIC FETLF  §1ar VINTMR (SRX FSRX 3FRC OFMN NCTRT _ EPAET MNRE  AREA CHUAP  gIVF IFRL_
2ARAMETERS 4.0 3.5 0,20 0.20 0.20 0.25 0.15 0.94 0,94 0.93 0.050 16 31.04 =revz  141.0 4800.0 0.50 0.1l8
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s%—- THE MONTHS OF A GIVEN WATER YEAR ARE NUMBERED AS FOLLOWS:

NO 1 2 3 10 11 12

» 5 6 7 8 9
JAN FEB MAR _APR MAY JUNE JuUL

MONTH OCT NOV _DEC AUG _SEPT
il
*TOWN CREEk NR GERALDINE, Al. (141 SQ MI,) WY 64 STUDY 5059 =
TOTAL STORM ANALYSIS SUMMARY FOR 1 WATER YRS
PEAK R/0C PEAK R/0 PEAK R/0 PEAK R70 PEAK R/0 PEAK R/0
{CFS) (HR) {IN) (CFS) €¢MR)} C(IN} (CFS) tHR) (1IN} ICFS) (HR) EIN) {CFS) (HR) (IN) (CFS) (HRJ) (IN}
11/Q5/63 D1/25/6% 02/15/64% 03714764 05/03/64% 08/15/64
REFERENCE WY 64 689 33 0.l8 2839 53 2.31 2883 24 Q.96 8594 44 2.27 1729 49 1l.9% T87 48 0.26
— SIMULATED 2232 33 0,40 11671 52 2.62 4023 2%  1.15 10033 44 2.50 9399 49 2,02 1573 48 V.34
MODEL LIC BMIR SUJC BUZC ETLF SIAC VINTMR CSRX  FSRX BFRC OFMN NCTRI EPAET MNRD AREA CHCAP BIVF IFRC
PARAMETERS 4.0 3.5 0.20 0.20 0.20 0.25 0.15 0,95 0.94 0.93 0.050 16 31.04 %xxex  141.0 4800.0 0.50 0.18




~ AT ~MX .y

TOWN CREEK, ALA.

(141, SQ.MI.) STORM 11/05/63

sTupY 5053 #
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TOWN CREEK, ALA. (141, Sd.MI1.) STORM 01/25/64 . STURY  5D59 ¥
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TOWN CREER, ALA. [141. SQ.MI.} STORM (02/15/64
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ToWN CREEK, AtA. (141- Sd.MI.) STORM 08/15/64 STUDY  S059 #
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APPENDIX B
SAMPLE SIMULATION RUN OUTPUT, SMALL SNOWSHED MODEL

The basin designated "Alamosa Creek above Terrace Reservoir," is in
the south central part of Colorado in the Rocky Mountains. The dominant
precipitation is winter snow. Moisture accumulates in the snowpack during
winter, when streamflow is small but unreadable because the stage height -
discharge relationship is affected by icing. Greatest runoff occurs in
the spring during snowmelt.

The Alamosa Creek watershed (Figure B-1) was selected as a basis for
modeling and sensitivity analysis in the study because it'is representative
of small mountainous snowsheds yet low enough in altitude so that seasonal
effects on its hydrological behavior are pronounced. Additionally, it has
previously been the subject of modeling and study by Colorado State Univer-
sity, using the same basic simulation model as was used in the IBM study.
Basin descriptive data, model parameters, streamflow and mean basin
climatological data for the water year 1958 were provided by CSU.

For the water year 1958, the reference average and peak discharges
were 2.24 and 24.8 cubic mgters per second respectively. The publiished
17-year average was 3.25 m°/s, and the highest recorded discharge was
147.2 m3/s. The least actual discharge cannot be determined. The total
annual mean basin precipitation for the reference year 1s 85 cm, compared
with an annual average estimated at 120 cm. (Note: In a mountainous
region, average annual precipitation varies widely for points only a few
miles apart; calculation of mean basin precipitation on a long-term or a
short-term basis in such a region is hazardous at best.)

The observed daily discharge used in the original model calibration
is that recorded by USGS gage 2360, shown in Table B-1,

Page B-4 and subsequent pages of this appéndix contain a reproduction
of the printout from one simulation run in which the parameter BMIR was
perturbed by -50%, from a reference value of 20.0. :

Print plots have been omitted in favor of the SC4020 plots at the
end of the appendix. In those plots, "R" indicates reference and "S"
indicates simulated streamflow.
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Figure B-1. Alamosa Creek Watershed

Area

Minimum Elevation
Maximum Elevation
Mean Surface Slope

TERRACE
RESERVOIR

277 km2
2628 m
4152 m
0.340 m/m



Table B-1. Alamosa Creek Observed Discharge Data, WY 1958

RIO GRANDE BASIN
2360, Alsmosa Creck sbove Terrace Reservolr, Colo.

Locotion, ~-Lat 37°23', long 106%31°%, in pee. 8, T. 36 N,, R. 6 E., on ieft bhank 3 mlles
upstroam Trom Terrace Reservelr Dam and 15 miles northweat of Cepulln.

Drainage arca.--107 sg mi.

Regords avnilable.--September 1911 to June 1912 ond October 1934 to September 1958 1in
reportn of (cologlecal Survey. April 1915 to October 1939, October 1923 to September
1927, and Octaber 1934 to Soptomber 1944 1n reparts of State engincer. (No winter
rocords most years.] Scptomber 1911 to June 1912 published as Rio Alamosa near Monte
Viata. '

gago. --Water-stags rocorder. Altitude of gane in 8,600 [t {from t pofraphlﬂ map).

“Eept. 29, 1911, to Juna 4, 1912, ataff gage at, ranger station 13 miieo- upstream st
different datum, Apr. 1 to May 6, 1915, stall gage and May 7, 1915, to Sept. 30, 1927,
wptep-stage recerder, near pmneni site at different datum. .

o dlschnrge. =~17 years (19831-24, 1940-41, 1943-58), 115 <fe {83,260 acre-lt per
yeart,

Extremcs , ~=Mazimum diochare during }(uar, 1,120 cfa May 27 {gage helght, 3.32 rt), from
ra F:'{ curve oxtended obove #30 cla; minimwe not determinod.

191112, 1915-19, 1923-27, 1934-68: Maximum discharge, 5,200 cfs Oct, 5, 1911 (gage
height, 11.0 ft, elte and datum then ln use, from [loodmark}, Crom rating curve
extonded abovo i,uno cfa on basle of computation of paak flow ovar dam sbout 8 mlies
upstream; minimm not determined.

Mﬂ]\.‘--ﬂunrdn good sxceph those for periodes of ice effect or no gage-height record,
which srs poor. No divorsion above abtation. :

Ravisjions [water years].--WSP 698: 1911(M).
RMating tables, water year 1937-58, except period of lem effcot {mage ’
Ne1RRG, in feet, ARd dlacharge, i subie feet per second)
(Bhirting-control method used Apr. 23 to May &)

Oct. 1 té June 29 June 30 to Bept. 30
1.0 A8 2,5 160 0.8 17 1.6 116
1.3 50 3.0 B8RO 1. 3z T4 225
1.6 116 L0 1,700 1.3 [1]
2.0 2B5
Dischprge, in oublc feek por pecond, water yosr October 17537 to Sopkember 1958
Duy i Oa%, Nov. Duc, Jan. Pub, Rar. Apr. May June July Aug. Sept,
1 28 wy N 19 104 120 110 32 23
2 0 3 k3 To1 mnz k1) 0 23
3 2R 32 18 1086 652 101 0 23
4 28 a2 21 111 619 92 K2l 23
5 BB » X . 26 164 s86 o4 *54 25
[ 20 s1 {*} 21 228 76 18 42 29
T 20 23 306 B58 1% 37 29
] 28 20 22 365 556 72 34 ]
] 27 g7 22 50 496 59 3l 26
10 6 28 {*} {*) 19 412 430 *585 27 29
11 24 ") 2l 442 295 63 30 a3
12 3% [' 22 496 360 58 29 79
13 30 18 2 31! 325 57 30 o4
14 20 23 406 296 &2 *30 105
15 30 L & 31 a2z 284 51 kN &9
n 3 16 o]
16 28 - 1z 404 292 50 31 LEL]
17 28 62 190 284 B 35 51
18 8 {*} a3 533 *260 49 39 46
19 3 102 645 256 51 42 %]
20 so}) 104 682 256 A5 m [H]
2 307 123 £68 250 41 38 13
27 37 132 760 a0y 39 61 36
23 39 121 a8 196 38 34
2% 102 8es 184 3% 39 38
25 0 ! ' 1/ 114 B40 173 A R I
26 28 15 114 a56 149 39 a 38
27 2T 15 130 904 142 39 L 35
28 ] 15 139 1) 123 3 30 37
79 28 - 6 ‘T3 BLE 171 a3 27 3%
0 2ni) Aahabde 17 140 az4 118 35 26 34
al S R 1 il [EL] 34 E
Tida E1L) a0 na [0 &6 i 18,me2f 10,008 1,100 .01 M
L] 2a,A an. o (1) o 119 W AP and 07,4 M40 N
po-ry] e v, A oy, el o] rdem| o Sotte N, 00] 2100 S,BX) P T4 ] T, W0
Caletelap ganre IDLT4 Max b 400 min - L UL 1 T4 An-ft 131, L0
Watlar yeapr A0LT-LO9 MAR L) Min = Hamn 102 Ad-rt 13,640

Fenn dlnctmran (ane; €70 afa).--Nay 19 {9 p.m.) 708 cfe (2.95 [t)) May 21 (20 pum,) 3,320 ofe
13.32 Pt} dJune 6 {7 p.m.) 944 efs [3.10 rt).

* Disgharge mesourswont made on thia day,

Note.--No gage-height Fecord Nov. 22 to Mar, 26 [otnge-dlscharge relation affaatad by io# during
Il purlod?. Mar. B8} discharge estimated on banis of 4 discharge meaduremants, weathar records,
and ressrdé [OF nearby Stasions, Atage-discharge relatiom affected by Low Kov, 9=21,.
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1) (2

fr;SNﬁﬂhZﬂ._ilLAHDSA_LREEKmNEA&;HDNIE_ElSLA+CﬂLﬂ‘leﬂl_SQ4~Ml+J_HYASS -

*CONTROL OPTIONS (BALANCE OF DATA VARIES WITH SPECIFIED NPTIONS)
3} €4} (51 16} (73 (BY (9)1(10F(11)(12) (13}{14)(15)(16)

| P

A + I O TSNS S TR S

* TIME - AREA HISTOGRAM DEFINITION

O 1 .00 1. 0. 1

.- ¥NBTRL BTRI(L)L. . (2) _(3b__t&) [5) (6} ..
L b _ 05K 198 _,l1949 240 281 026
f)‘ * SNOW PARAMETERS o
*FIRR (15) .
| B0 LTS5 .70 (85 .60 .55 .83 50 .49 . .48 4T .45 .43
oo *R1CY (37) . ' -
| +55 .58 .57 .81 W67 LT5_ .80 .83 .87 .92

c. —s95  ,91. W8T _ .84

|

«65 .64 .6
¥DPS

~~0.0 .0.0_
«0052 L0046
«02 2.2 0.

2 .80 .57 L.5& L5585
E (37]

0.0, .006 L0116 _.0124 .014__. 01402 .

»0050 L0070 ..0093 .0108 L0123

0 3.0 0.0 040 0.0 0.0
EBDUFSM:SEBFLH:SBIHLL:SBM:ELDlE:XDFNS:EEDE——EESI—MRNSMrDSﬂGH—PXCSA

0.0 0.0

+96 299 1.0

@Bl W79 W77 L35 LT3 .72 .71l .10 .89

0091 L0080 .
-0132 0125 .
0.0 0.0 3,0

3.1
<41 _.40.
1.0 .98
BB L&T
0070
2100 L06
0.0 .

<0033 L040 4,00 1,00 1.113 .04 .40 «15 L0155 .018 ,199
0.0 * QUTPUT PARAMETER —~ RMPF, IF ANY DAILY FLOW EXCEENRS RMpr
- % WATERSHED PARAMETERS - RGPMA - AKFA . - . F[MP - FWTR. .
’ 1.0 107. «01 0.006
. % 50IL MOISTURE PARAMETERS S -
- # VINTMR-BUZC~ SUZL = LZC = ETLE = SUBWF = GWETE=~ STAC = HMIf - D IVF
' 0.15 1.0 1.5 6.0 0.3 tle N 0.0 0. a2 10.0 79

® OVERLAND FLOW PARAMETERS =

- . e .38 0 1000. . L35 2025 « 60
*CHANNEL ROUTING AND GROUND WATER PACAMETERS
® CSKX — FSRX — CHCAP — EXQPV — BFMLK - BFRC

N PR § Q.94 6T040-_ 0430 _£.90__ _0.95 _ . .
#*MUISTURE STORAGE VALUES - GWS — /3 - L2S = BFNX - [If5

0.187 0.2 4.0 Q.70 0.0

* ALAMOSA CREEK ABOVE TERRALE RESERVOIR., NEAR MONTE VISTA, C
5 *JULDI- NUMBER 1DF SFLECTED HIURLY STORMS :
291 121 111 121 130 121 215 121 285 121 , -

o % LAST TWO DIGITS IN THE CALLADER YEARS OF FiiE WATER YEA™ T DL RUN
57 58 * YEAR]L ~ YEARZ2

NFSS — OFSL - 0OFMN -

OFMNTS - IFRL

*  AROVE CARD IS ALPHANUMEREC DATA TO LOCATE STREAMGAGE

* EVAPCRATION DATA

* AVERAGE DATLY EVAPORATION VALUES OVER 10-DAY PERIODS
0.081 0.027 J.034 2.049 80.028 0.013 0.019 0.024 .21

0.048 0,071 0.082 0,095 0,120 0.153 0.173 0.218 0.235 0,212

%

0327 0.024 0,019 0.025 0,032 0.G2Y 0,029 0.040 0.051 *
*

%

0.223 0.207 0,118 2.165 0.095 0.124 0.102 0.090 0.09R
¥ MONTHLY PAn COEFICIENTS 1956— 1959 : .
La00 1,02 1203 1.09 1403 120 1.00 1.79 1.03 1,00 1.00 1,00
* STREAMTLUW DATA :
¥ AVERAGD RECURDED STHCAMFLOW VALUCS DURING DAY 1IN
27 24.78 22.49 20,60 19.89 19,05
63 17486 14,87 13.07 12.14 21.17
50 18.81 18.23 17.46 16.54 16.34

25.6%
15.74
26,08
16,25
LE .95
15.66
13 .81
17.49
ld.r4
L7.%4
16,07

24,
20.
20.

19,
15.
3.
19.
i3.
L7,

ST 17467 17.46 17.22 15.99 14.73

42 15417 13,97 li.Te l4.

5T 14449

69  13.58 13,49 13.40 13.32 13.25
87 20,15 20,12 19.95% 19,74 19.51
45 1B.29 18.12 17.97 17.84 17.72
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26 17420 17005 LT.10 17.06 17.03

CFS
17.45 16,50
12.44 12,94
15.04 14,92

1646 1bhalH
14,23 14,08
13.18 13,10
19.28 19,95
17.61 17.91
17.01 16,99

WM.

AL 57
HINTERSR
SPRINGSS
S1MMERS B

13,07
71,048
T4.,349

135442
11.94
13,08
13,14
17.42
1h.%8

L0060

HICT
=0T
*0OCT
*OCT
MY
FNOV
N
®DES
®=DEC
*NEC
®NDELC



g 1O AST 1&+3&__Lﬁ*33hg;14ﬂﬂm_114DZ““llﬁﬂilelaﬂl.ﬁLl,Lﬂ__Ll.14
b 17,22 17427 17431 17.37 17.42 17,68 17.54 17.60 17.66
T 17.80 17.87 :17.94 18,02 18,09 18,17 18,25 18.33 18.40
ca ﬁ.l,B «5B VL FU ———— — . [P !
18467 18.75 18.84 1B.93. 19,02 19,11 . 19.20 19.29 19.39
‘ 19458 19,67 19,77 19.87 . 19.9&6 20.06 20.1&6 20.26 204306
cieen2Qa23 2008 20,04, 20.08 20.17 20.28_ 20.40..20.53.. ..
20.66 20,79 20.92 21.05 21.18 21.31 2l.44 21.57 21.70
21495 22,07 22419 22.32 22.44 22.56 22.68 22.80 22.92
e 223015 23026 23,37 23,48 23,59 . 23.69_. 23.79...23.89 . 24,00
24.18 . ;
24228 284437 24446 24.55 24.64. 24.72 24.81 264,39 24.9%
25.14 25422 25.30._.24.85 _ 24,30 _ 23.39 22,35 21.27. 20.21
18.12 21.61 25,97 25407 23.27 22.50 22.08 21.84 21.B0
24.03 25.36 28.21 49,35 86,02 132.04 205.44 214.58 199,59
316.83 9)9.23 679,52 534.95_460.79 430.48 433.22 4T8.82 527.57
T37.33 749.34 723,09 770.00 T65.96 727.57 €83.2]1 640.01 &07.3
537 .92 ‘ - :
.502.32 474449 44%4B.B4 424,94 418.11 43172 392.56.369.98. 349.72
312.67 .296.22 2B0.T2 266.00 252.14 239.07 226.67 214.9) 203,75
182,85 173,33 164,30 155,74 147.61 139.90 132.59 125.565 119.1
107429 101.67 9633 91427 B6.46 _ 83.50._81.45 _T3.77 69.69
62427 58493 55,76, 52.75% 4%.89 47.18 44,60 45,81 40.41
35,87 33.88 31.99. 30,20, 30.88 _30.25 25.40 23.94 23.60
oo - 22.81 - - B N S
20.49° 19.35 23.62 26.31 32.11 28,09 15,07 14.21 12.58
22.05 19.15 15.10 10.48° .31 12.88 17.43 Te98 12.9]
19.66 29.37 .. 9.01. . 8.52 . . Ba.D2 . 7.54%4 ..T7.08 6.64 5.7T0
4.96 . .
.60 .4.206 . 3494, 5.1T7 1459 .. 4.42 0 2.96 . 5.0T7 3.21
. L 0aGh 0 27417 387 28,66 17,02 16,01 14.67 1B.25 19.52.
17.28 16436 17.89 . 35.82 18.75 17.82 16.87 16.68 1%.20
% TEMPERATURE DATA FOR 1958 WATER YEAR ’
63 2B. 604 22. 534 30. 51s 3Be . 55..41s 57. 35..55..27._57._19.
. 58, 20. 57, 21. 56. 20. 52. 31l. 39. 25. 44. 31l. 47. 1B. 48. 22.
48, 30. 40. 21. 46. 28. 42, 26, 46, 22, 36. 23. 46. 3. 46. ' 5.
%8s Te 47 Ba 40e  Ta 484 154 43, 2% 554 15. 51. 224 _
44. 30. 35. 19. 40. 28. 43. 24. 38. 15. 29, 17, 38, 12, 40, ~10.
40+ -6, 35, 5. 29. 6. 39. 9, 39, 5. 39. 12. 33. 1l. 35. 10
__3_0 o De 30, _B._ZI_h..._"_g.n_..ﬂn._...‘_ﬂn. 23 =1ls l4a.. =10._.13. ,,—,,8.,,32. . Qe
3r. -1 39. -1 36- lc 20- ~-10, 20. -10. 26, -12. .
2%e —14s 29, —10..28. —~11. 284.-11..31. Ou 4l. 7. 30. =3. 28. 8.
r&24*_34M34.mza,walyﬁzsAwal,":14_35,_=b,_3b,“:3J_3b__.1__35.__h.”
40, ‘7- G4, 2. 36. " 54 3. AT 35, "'3. 33. Be 43, _-l- 33. 5.
32e =42 32, =64 35, 24 2Ta =Ts. 32, -1l. 36, 2, 37. =-11.
354 . 8Be. 334 11le 324 1%4a 30a 15a 29a.. 92 2% Ba. 40a._ 9. 37..14.
32, 10. 22, 9, 264 12, 27. 9. 24. 13. 23. 9. 36. 1. 40. 12.
35, 94 274 9. 19. 1ls 19. 1la 26. =Te 24a.~1. 20. =9, 27. 12,
2_4; _.l:.tl.. 28 -42&-23—‘—11‘_—254“,111..“3.2..”.16- 25_._Ll._20.._._—§._ —_— -
284 12, 32. 1. 35. 12+ 30. 21. 3%. 11, 29, 8. 32. 1. 32. 9.
27. 20. 28, 4. 25. 5. 27. -3, 26. 15, 25, ~2. 32. 7. 38. 1l1.
394124 43413, 42, 18B. 63, 5. 62, 18. 444 134 40, 17. 37.. 17.
33, 21. 32, 12. 27. 5. 20. -19. .
224 =10a 24. =% 24. =5. 28, 1. .28. —2. 29. 4. 29. 14. 29.. 2,
28 Ba 2Ta =B8a 2T G4 2he 1o 304 =44 24a 10 26. 12. 30, 19,.
. 32e 18. 35. 10. 33. 4. 3B. B 40, 2. 35. 22. 38, 21. 40. 1B.
[ 3%, 15. 35. 19. 35, 2. 30. 19. 38. 6. 37. 8. 32. 10 :
| 33a 11. 28. 18..294 194284 14. 284 =3, 38. _1..37..20._30. 20,
35. 15. 32, B. 29. 9. 29. 15. 364 3, 48, 6. 50. 16. 48. 20.

lB-5 |

17.18

17.73
18.4%

19.48

23.17T

21.82
23.03
24.09

25,06
19,18
21.58
201.418
609,11
S68.73

330.18
192.88
113.22
65.79
A7.94
41.23

33.31
8.63
5,33

5.58
18.84
14,29

* AN

*IAN .

& JAN
*JAN
*FER
*FLCB
*FER
“#MAR
*MAR
*MAR
HMAR
*APF
®APR .
*APH
EMAY
HMAY
*MAY
EMAY
= JUN
= JUN
* JUN
*Jubl
*JUL
=Jul

*JuL
®AUG
*AUG
FAUG
AUG
*#SEP
*SEP
k55p



&0

~Ile 35.

47.
E1.
56,
50.
64,

26. 49. 25.
20a.. 38.._19.
20. 50. 26.
2. 55. 23.
264 63..27.
30. 68. 29.
32, 67. 26.
234 654 2T
30, Tl1. 28.
2T. T4. 21,
34, 70. 32,
30. 81. 30.
42. T2. 40,
AL 1D, 28,
T6. 33. T8. 39,

Tbe 6. T72. 37.

724 %3, T3. 38. 67T. .35,

724 28. 674 31le 72. 29. 12. 29.

734 254724 27e Tle 36.. 67. 30..
704 36. 7)1, 324 Tl. 33. A3..
65 22. 6. 24, 65, 22, 6Ta 23, 0. 23. &T,
57+ 25. 584 244 57. 30. 62. 35. 61. 25. 57,
B _AUXELLARY. RAINGAGE DATLY TOTALS

18.
21
25.
az.
28.
70. 27.
Tla 2¢&.
bH2a 25,
T2. 33.
75. 28.
0. 25.
79. 30.
70. 30.
17..27a
75. 42.
T3. 43.

bb. 22,
42. 22,
57. 25.
51. 21.
Q4. 26.
69. 35, 65,
63, 39. 55.
Bhe 2Ta_ b6
Tl. 26. 73.
T3. 34. 704
68. 25. 6b6.
TT1. 30. 77,
T3, 28. T6.
T2. 35. 72
T2. 42. 69,
T8a 37, 6.
60. 40. A6
Tl. 34, 75.
10...32. 65,

50.
EX. WS
58,
53,
62.

54.
38.
42-
52-
B3,
L6
&7.

25. 51.
28._40.
21. 48,
18. 55.
£3. b2
32. 68,
27. 67
Gle 62a
30. &9,
28. T0.
29. T2.
29. BOD.
38. T70.
6%

T1l.
69.
124
TTe.
T4.

T3.
T6.
6Y9.

30.
35,
"-L‘-

26.
16.
?9.
25.
21.
27.
3ar.
37.
31.
34.
32.
30.
28.
37a.
40
40.
43.
30.
EL
32. 604 46 A0,
24.
22.

33.

49, 24, &47.
51,
55,

69.

i5.
21.
27
29,
32+ 63a
254 68,
30. Tl.

57.
S56.
64,
63,
62.
-6’«9‘
75.

0.
Tla
T7.
12.
70.
Tha
67T
75. 28.
&C0. 33,
56a._22.
59. 34,

28.
46.
28.
32.
39.
37.
43,

5.
T4
68,

T1.
T¥.
65,
&68.

49,

0. # NSGRD, NUMBER OF STORAGE GAGE RA[NFALL DAYS
* HOURLY RAINFALL TOTALS. FROM BASE REURDING. GAGE
. NG CAROS REQUIRE(D EOR . PERIODS WITH NO RAINFAIL . . . .

* IWBG,
* YEAR,
wo.. % MONTH, CURRENT. MONTH OF _YEAR _. . .

-INDEX NO NOF WEATHER BUREAU RAINGAGE
LAST TWO DIGITS OF CURRENT YEAR

65,

16 2

17,

2"'.
25.
28.

31,
30.
33,

29.
35.
32,

35,
43,
34,

33.
20.
38,

.00
« 00
- 00
- 00
- 91

«00 .

« 00
«00
-0
« 03
Q0
«09
.00
« 00
-00
- 00
- Q0
00
«00
+ Q0

. Q0

« 00
.00
00
- 00
007
.10
30

+Q0
G0
.00
« 30
«02
02
00
.00
«00
.02
<00
00
.00
« 00
.Da
« 00
.00

00,

« 00
Q0

« 00

00
«00

00,

‘DO
«00

~el0

# DATE, CURRENT DAY OF MONTH, 1-31
v ¥ CN oL FORAM 2 FOR_PM . ____
3L433£wxx.mn_nx_cuvuﬁmxuumLx_RALHEALL_IHIALS IN_CHRONDLOGIC. ORDER
370 ST 10 03 1 400 .00 .02 ,02 .02 .02 .00 .00 .00
370 57 10 04 1 .00 .00 .00 .00 .00 .00 .00 .O1 .00
- 370 57210 06.2 .00 L00 .00, .00 .00 .02 .03 ..07 .00
370 57 10.10 1..00 .00 .00. .00 ..00 .00 .03 .00 .00
370 57.10..12.1 <00 .. o 00, .08 _ 00 400 .00 ..00.....00 .00
3705710 12 2 0% .02 .02 .00 .0l .00 a0 __L.03__.00
370 57 10 13 1 02, .00 .00 .00 .00 .00 .00 .00 .00
370°57 10 13 .2 400 .00 402 .04 .00 .00 .00 .00 .00
37057 1014 2 .00 .00 .00 . .00 .00 ,03_ .00 _.00. .00
370 57 10 17 t .00 .00 .00 .05 .02 .00 .03 .05 .07
-370.57 10191 05 .10 .15 10 . J310_ .00 +00.._ .00 _.00.
370571019 2 .00 .00 .00 . ..0). .00 05 _.05 .05 .05
! 370 57 10 20 1 05 .10 .25 .10 .14 .00 .00 .00 .00
;370 S7 10 20 2 .00 .00 .00 .05 .10 410 .05 .04 .00
P AT0 57 10 21 1 .05 086 L05 . .05 .05 _.00__,00. .00.. .00
T' 370 57..10 21 .2 .05 .05 .05 .05 .04 .00 .00 .00, .00
P o370 531022 1 220 030 425 10 W0l. 00 _,00.. .00 . .00
370 817 U)_ _?Q ‘I__g_n[} L0 « 00 A0 413 <00 SO0 .00 .00
[ 370 57 11 O 2 w00 .00 .00 .00 .00 ,00 .05 .04 .07
370 5T 11 02 2 L00 .00 .00 .00 .90 .00 .00 .50 .00
— 37057 11 03 1 00 .05 10, .10 .15 DA .04 .00 .00
' AT0 ST 11 04 1 .00 .00. .00 200 .00 .00 W00 L10 .05
b --370.57.11.05.1 .05, a10. .05 . .00 .00_ .00. .00 .00 .00
310 5711 061 .00 .00 .00 . .0D 00, .00 .00 .08 .12
370 5? 11 06 2 J05 . .107501  L00 100 400 . .00 . .00 - .00
L3270 ‘i? 11 1A 1 .00 .00 a0 00 L0 .00 o010 A8 . L10
370 57 11 «10 .10 .04 L00 .00 L00 .00 00 .00

.00

*3
x4
*
*2
*3
¥4
1
*2
%3
#4
]
*32
*3
4
*1
#2
%3
L

€2
*3
x4



370 57 11 17 1 .00 .00 .05 .10 .i§5 .10 .10 ,05 .00 OO .30 .00
—.370_57 12~15_2_AQQ~.;DD__;QQ__uuL_Jﬂn_A,nn A10. .15 .15 . .15 .19 .07
370 57 12 16 1 .05 «0%  L04 «00 00 .00 L00 .00 .00 .00 .00 LOO
L3700 87 12 19 1_.0&_;-03MHJQ2;_mﬂ§m L00 .00 _.00. .00. .00 .00 .00 .00
370 57 12 26 1 .00 L00 .03 .06 .00 00 .00 400 <00 +00 .00 .00

: 370.59 01 12 1L .00 .00 .02 .03 201 L0000 .00 .00 .00 .0% .Lo0
L L370.58 Olwl3fzmgﬂﬂ_m41HLwJﬂQ~MJQQT_4QQW;@Dﬂ__gﬂﬂ_“4nz_“4ﬂZ L0000 JON
370. 58 01 14 1 .00 .05 05 .10 .02 .00 .00 .00 .00 .00 .00 .00

© 370 58 01 19 2 L00 .03 - ,00 .00 .00 00 .00 .00 <00 .00 .00 .00
370 58 01 23 1 W00 W00 .00 .00 202 00 .00.__.00 .00 .00 .00 .00
370 53 01 241 00 .00 .00 405 .05 .00 L00 .00 .00 .00 Q0 .30
370 53 01 25 .1 400 00 .00 . 400 .00 02 03 .08 .04 .00 LNa 09
370 58 Dl.ZbEZ..QO“_.QD“_LQQ__LOQ__LOD A00. 200 .08 .00 400 00 .00
370 58 01 .28 1 .05 405 L05 .06 00 .00 .00 .00 .00 .00 .0C .00
370 58 01 29 1 400 .00 L,00 .00 .00 .02 .00 LO00 L0000 J00 LOD
J370 58 0! 30 2..03 .04 _.00._. .00. .00 _.00.. .00. «00 .00 J00 .00 .00
370 54 02 04 1 .00 .00 .00 .00 .00 .00 .02 «05 .05 L,H2 0 .00 L00
370 58 02 05 1 405, 10 .10 . .10 .10 .10 .20 .00 .00 .99 .00 .00
37058 02 .09..2 W00 .00 .00 .05 .Oﬂ_q4ﬂl_m&ﬂ1m“,0?_A,QD 20 L0002 .30
370 58 02 13 1 .00 .10 L10 .08 .00 .00 .00 .00 .00 .00 .00 .00
370 58 02 25 2 L10 .10 410 .10 .10 .10 .10 .10 .03 .00 .00 .00
AT0.58 02 26..1_.00. 00 .00 _ .00 .05 _.05...10 .10 .04 .00 .00 .00
370 58 03 05 1 .01 .03 ,05 .05 .05 L0l .00 .00 .00 .U0 .50 .00
370 58 €3 07,1 .02, .02 .25 . .10, .08 .00 ...00. .00 .00 .33 .00 .00
370.58 03 09_1_.._13&___4111w 400,00 .00 __ .00 .00 .00 .04 .10 .15 .00
370 58 03 09 2 07 .00 .00 .00 .00 .00 OO0 .00 0D 00 .00 .00
370 58 03 11 2 .00 .00 .00 .10 .10 L00° .00 .00 .00 .00 L0 .00
37058 03 14 1..00_ .05 .10 .10, .04 _.00.. .00 .00 L00 .00 .00 L,00

. 370 58 03 15 2 00 L00 .00 .00 .00 .00 .00 .05 .05 .35 .05 .0
370 58.03 16 <00 .00, .00 .10, 10 ...10. .10, .10 .10 .10 .35 .00
.370 .58 03 18, l_Lﬂﬂ__.ﬂa*_.nn_mAaa w0600 .00 W00 .00 .00 L00 .00
370 58 33 22 2 07 .10 L10 .10 <10 W00 .00 .00 .00 .00 ,DO « 00
A70 S8 03 23 2 .00 .00 .06 .00 .00 .00 «00 .00 L00 .90 J20 .00
370 58 0326 2 J00. .00 .06 .06 __a00_ .00 .00 _.00_..00 .00 .00 .00
370 58 Q03 25 2 .00 .00 .07 .06 L300 .00 .00 400 .00 .73 .00 .09
370 58 03 26 1 .00 .00 ..00 .00 .06 L00. .00 .00 .00 .00 . .30 .00
,MJIDWEB”GBmzﬁ.imAQﬂm“,QQqWLQQ“_.QQ“_4OﬂmmJQﬂ_~4OQH‘QLQM-,lﬁ +19 .15 .15
370 58 03 31 2 L00 .00 .00 .00 L00 .00 .10 .00 .00 «00 .00 L00
370 58 04 02 1 .00 .00 400 L00 .10 .05 .25 «05 L05 .0% .10 ,0%
L3T0 5B 04 04 1 .05  L10 . 210 .10 .10 _ .10 .10 .10 _«10 .10 .05 L00
370 38 04 08 2 410 .20 .15 .10 .05 .20 410 .10 .10 .08 .00 .03
370 58 04 0% 2 .00 400...03 03 .03 ..00 .00 .00...00 .30 .30 .30
—~310.58 04 11.2 .00 .00 L00 .00 .00 .05 _.0R .07 .08 .04. .02 .00
- 370 58 04 12 1 00 .00 .00 L02 .03 .05 ..07'..d§. «03 .02 .01 02
‘ 370 58 04 29 1 0D .00 .00 LOO .03 .05 .07 04 04 .03 .00 L0D
370 S8 04 29.2 .02_,10 =15 W08  LO0T._ 00 L00_ .00 .00 .00 .00 .00
370 58 04 30 1 .00 403 405 405 403 .00 .00 .00 .00 .00 .40 .00
370 58 05 11 2 .00. .00 . .00 .10. .20 ~edl. W20 W10 .20 .10 .10 .08
310 5ﬂﬁOi_La_Lm‘Qﬂ__;nl__;in_‘Qj__.32 00 L00 .00 . .00 .20  .00. .00
370 58 05 16 1°.00 08 .00 . .00 .05 .00 .00 " 400 .00 L,0D0 .00 00
370 58 0% 18 2 .00 403 .00 .00 .00 .00 L0080 .00 .00 .20 LN0 L00
o320 58_05.20 2 .01 .03 .04 .03 .02 .05 08 .03 _L02_ .01 L00 .00
370 58 05 21 2 W00 .00 00 .00 .00 .00 .03 «02  J02 .20 L00 .00
370 58 05.23 2 L00. .00 . .33 . .02 .00 .00 200, .00 00 .00 .00 .00
—— 370 58 06.Q05% 2 00 .2% L,30 .02 .00 02 .02 W06 L00 .00, .00 . .00 .
370 58 G6 06 1 .00 00" .02 ..07 .02 .OT =06 LIl .02 .02 .04 .00
370 58 06 & 2 -11 -02 000 -00 «00 .DD 000 QOO -00 +00 .OO « 00
370 58 07 06.2_ .00 .00 00 .00 .09 .00 .00 .00 .00 .00 <20 L00 .
370 58 07 07 2 .11 .02 L00 .00 400 440 .00 .00 .00 .00 <00 .00




370
370
370
3710
370
370
370
370
370
370
370
L3740
370
370
370
370
370
itoe
370
370
370
370
370
370
37G
370
370
370
310
370
370
370
370
370

a8

09

30

# 98 IN LAST
* RAINFALL TUTALS

* RETURN TO MEW YEAR CARD AND REPEAT DATA TO THIS POINT FDR EACH YEAR

.12
ifs]
.00
00
30
.00
.00
«03
.97
30
.00
=07
«00
+03
+00
5
02
00
- 00
00
«40
.00
.00
« 00
«00
<00
<02
« 00
<00
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CARD NOTIFIES PRAOGRAM

-6
« Q0
« 03
.00
- 0%
«90
« 00
.00
00
+ 00
«00
06
- 0L
« 00
« 09
« 04
00
03
- 00
« 0%
.03
«00
« 00
- 00
<10
«05
00
+ 05
00
« 00
+ 21

~a 20

02

«J0
« 20
«J7
«35
« 3%
« 37
«J0
«J5
00
« 00
.aa
02
.3I7
«JU
.01
.03
« 00
-33
« 00
-05
<02
03
«00
«J3J
08
03
«03
« 0%
20
0D
.08
« 00
03

« 5
.g\}
« Q0
+ 06
» O
«J0
«0D
.05
- 06
00
02
.00
«0)
«D3
09
» 30
<00
«0]
« 0
«25
.02
« 1%
+00
« 03
.07
«03
«07
«03
« 04
«00
922
00
02

«00
.00
.00
.08
~ 00
27
20
PRI
'OO
.00
.00
.00
07
«01
.01
« G0
03
00
.00
« 04
.02
« 00
.00
- 00
Q5
«00
=00
.02
.26
+ 05
«01
<00
00

THAT

«00
.00
00
01
00
«15
+00
00
«00
00
07
«20
»20
+ 00
.08
00
«01
« 00
+00
«Q0
+00
010
.00
« 59
+ 06
+00
00
« 00
«02
03
+ 06
00
.00

U1
« 09
o O}
« D0
« 00
10
o 15
« 0D
» D0
« 30
.« 00
- 30
+00
=00
« a7
.00
« 020
« 00
£ 00
00
=00
« 03
« 06
« 12
00
« 00
« 00
« 00
« 92
.03
L0323
00
- 00

.27
- QG
.00
00
« 00
10
.00
.38
« 00
00
«00
« 11
L00
.0C
« 05
.00
«00
<06
«00
00
.00
<02

el

£ 20
» 00
.00
00
+ 00
00
.02
« 05
«00
+00

D0
« 30
« 00
. G0
.00
13
« Q0
- 90
.00
« Q0
<00
« 00
. N0
» Q0
« 07
- 00
Py}
PRIy
» G0
« 00
« 00
«03
« 04
15
.00
00
« 00
«00
«00
£02
- 02
<00
.00

IT HAS COME TQ THE

« 27
«J3
0
00
+ 00
X0
10
2
- 00
00
- 30
« 17
00
«J0
«J8
« 0
« 120
0
« 06
|
00
+ 00
.00
(14
-0
ey
. 30
L00
« 00
«03
« 22
« 04
«J0

END OF

* IN CHRUNOLOGICAL _DRDER FOR WHICH FLOWS ARE TO BE SYNTHESIZED

*STORM DATA - ALAMOSA CRELK NEAKR MOOTE VISTA,COLO.

*ALAMOSA CREEK NEAR MONTE VISTA,COLN, STORM 10/18/57

1.0 107.

1.0

16.7

1241

11.7
I1.5
10.8
19.1
15.2
12.1
46.6
17.0
33.0
21.8
19.7

1946 19,6 19.4.

121 -1 1

15.2
12.0..
11.7
ile4

- 10.8

25.0
14.1
12.6
3.1
16.7

38.5.

2l.1
19.6

l4.2
1l.9
11.6
11.4
10.7
36.3
13.4

l4.7.

31.13
16a4

41.7.

206
19.6

13.5
ll.8
11.6
1.4
107
33.5
12.9

1947

26.7
16.3

395

20.3
19.8

13.0
11.8
11.6
11.4
10.7
32.3
12.6
28.8
23.5
16.2
LR
20.1
19.6

B-8

12.7
11.8
11.6
10.9
10.7
2649
12.3
39.0

. 21.3

16.7

~29.8 .

19.%
19.6

12.5%
11.8
11.5
10.8
10.8
22.1
12.2
49.6
19.8
18.1

26.6

19.8
19.6

12.3
11.7
11.5
13.8
11.5
18.9
2.1
55.8
18.7
2l.86
2.0
19,7
19.6

PR B
£ 10 .30
L0 .0N
TP R 14
L3 .20
P 1] » 30
« 1 L 00
00 I R T
L0000 00
L0 10
30 .30
L0 .00
£ L an
+00 .dD
L06 OO
SO0 L0
L0000
«22 L00
-5 .05
L0000 .00
00 .00
00 .00
00 ,0Q0
17 L10
«03 .20
03 .20
20 LD
«00 o0
L20 .00
203 L0
<02 .00
L0 .00
<33 .00
HOURLY
12.2
11.7
11.5
10.8
14.5
16.7
12.1
53.4
17.5
?6.8
22.8
19.7
19.6



:. #ALAMOSA CREEK NEAR HBNTE VlSTA.CDLﬂ. STORH 4721758

“l.0 107. 121 -1 1
—l.0 . . .. : Lo ——— - -
19.1 19.1 19.1 19.0 19.0 °  18.9 16.9 18.9
17.7 17.6 17.6 17.5 17.5 "17.5 174 17.4
__________ 17.3. 0 17.3 18.13 18.3 . 1B.3 18.2 8.2 . 1B.2
18.1 - 18.0 " 14.0 18,9  17.9 . 16,7 16,7 16.7
1546 16,6 16.5 16.9 ° 17.9 20.0 23.8 28.1
38.2 . ..39,.8 38.8 363, 33,1 29,9 5 25.8
23.8 23.2 . 2l.0 21.3 211 .. 20.9 . 20,8 20.7
e 333 A0S 29,1 27.B . _ 26.9 26.2 25.8 . 25.4
; 23.8 23.7 23.5 23.4 23.4 23.3 23,2 23.2
23.0 22.9 . 24.0 23.9 23.9 23.8  23.8 23.7
e . 23486 23ab 2345 _ _23.8. . 23.4 _ _ 23.h 23,3 23.2
23.2 23.2 . 23.1 23.1 23.1 23.1 23,0 23.0
. _22.9 22.9 . 22.9. :
L EALAMOSA CREEK_NEAR. MONTE.. VISTA;COLO. STORM 5/1QL53 . .
1.0 107. 121 -1 1 )
1.0 . j
- 207.4  203.8 20041 .. 197.2_. _194,9  _193.1 191.6  190.1
186.9 186.0 185.2 184, 4 183,7 185.5 189.4 194.9
21145  221.7 .. .231.4 235.7 226.4 . 234.2  229.9  224.6
o2 b0 T 2113 20848 20647 . __205.1 _202.1 __200.9. . 199.%
198.1 197.3 199.8 211.a 232.9 271.3  331.9 42640
694 & 831.9 929,5 984.9 1024.8 104145, 1041.0 1029.3
...... 991 .0 . 92,9 __ 95%c% . 93843 923.1 . 90B.4.__BO4,8 . B84.3
867.7 861.9 857.3 . B53,5 848,00 . B41.7 831.5 819.6
S T92.4. TT8e4. T65.1.. T52.9. _741,5. .730.8. T720.¢ 710.38
G905 6Bleb  6T2.9 _b&b4eh 656,32 £48,1 640.2  532.1
573.7 566.1 559,0 552.4 54641 538.4 532.6 526,9
- w31601 . 510.9 . _50T.% . 506.5 . 506.7 __S08.5 S§11.7. 515..7
. 519.6. 516.1 51040
-XALAMOSA CREEK NEAR MONTE VISTA,COLD. STURM .0/3/58
—le@ 1074121 =] } L e
1.0 = .
20.8 20.8 20.7 20.T7 - . 20.6 20.6 20.6 20.5
16.3 _ __168.3% 163 _16.2 " 16.2 1&.1 . 16.3_. 17.B
29,7 36,2 45,5 45,8 39,9 33.8 29.4 26.3
. c22a8B. L2148 L 2101 L2046 . . 20,2 . . 15.9. 15.7 . 15.%
pormerr LB a5 1649 2l.8 28.1 35.6. 4ab 44,8 42,4
' 35,3 30.1 2646 24.2 22.5 21.3 20.5 19.9
19.2 19,0 14.8 14.7 14.6 14.4 14.4 14.3
L L_ 14,2 l14.5% o lTa B 29.%. . 4546 T1.5 95.1._...107.8
97.3 83.3 64.7 50.1 4041 33.2 28.5 25.2
- 17.3 163 . . 15.5 . 15,0 .. l4.6 1443 l4.1 l4.0
i A3 B 1306 _qiztl.__%Ll 6 1T.6 1746 17..5 . 17.5 .
17.4 17.4 17.3 17.3 17.3 13.2 13.1 13.1
! 13.0 13.0 12.9 12. g 12.9 12.8 2.8 12.8
e 164B L 16aT. 168.7. e e
*ALAMOSA CREEK NEAR MONTE VISTA,COLD. STURM 9722758
1.0 107. 121 ~1 1 - ) . )
NS N « e e
) 18.4 - 18.4 18.3 18.3 18,3 18.2 8.2 18.2
15.0 14.9 14.8 14,7 14,7 14.7 14.6 14.6
e L 1%.5 4.5 17.5 17885 . 1745 1724 ..  1T.%. 17.4 .
17.3 17.2 i7.2 17.2 17.1 14,0 14,0 3.9
13.8 13.8 . 13.8 .. 13.7 13.8. . 14.0 . __15,2 17.7
————2Bak 32.3 34,7 A4.6 . 33.5 32.7 31.5 33.6 .
HRA 41.7 48,0  4B.1 49,8 52,3. .51.8 9.8 45.2
. 35,5 30.7 . 27.1 24.8 22,8 23.2 22.4 21.8
- 21.1.....20.9 20.8 -0 Pl A Y 20.5 - 20,4 . 20.4
. 17,2 17.2 | 17.2 17.1 LTad___§7.1_. 17.1 17.0
N 16.9 16,9 20.0 19.9 19.9 19.9 19.8 19.8
SRS K DN JORR, L W / 19,6 19.46 . . _19.6 . lédk  1H,&  1k.3
1843 1642 0 1642 Le.1 16.1 . 1641 16.0 16.0
3 19.0 lq 0 18.9. . u--va--mw\fw“—-f'm"

W e i b e [ Y

B9

17.7
17.3

-~ 18.1

16.6
34,2
24.6
20.6
15.2
-24a0
23.1
237
23.2
73.0

1879
202 .4
219.2
-198.9
556.7
1010.3
875.0
336 .4
H599.7
623.3
582.0
5214
52042

l16.4
22.6
24,2
15.4
41.8
19.5
14.3
10642
18.9
13.9
L7.5. .
13.0
16.8

15.0
14.5
17.3
13,9
24.3
ATes
40.3
21.4
17.2 .
17.0
19.7
16‘3
19.0
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OCTOBER
3 AM 25.0
Py 23.5
MAX T MUM=
4 AM 24.0
P 21.7
MAX T MUM=
&AM 21.4
pM 18.1
R MAX TMUM=
7 aM 24,7
_ PM . 17.0 .
MAXTMUM=
10. Am 17.4
PM . l6.4
MAXTMUM=
11 am 17.9
pi 15.2
MAX TMUM=
12 AM 15.7
. . PM 15.1
MAX T MUM=
12 SODEPTH=
13 AM 23.3
pM 14.7
MAXTMUM=
13 SDEPTH=
14 AM 16.2
PM 13.9
MAXTMUM=
14 SOFPTH=
15 AmM 15.6
PM 12.3

AL AMDOSA CPEEK NEAR

MAX TMUM=

O0.14

J.73

0.12

2449 26,9
74.8 25.9
8.2 LL.FLS.
22,9 2%.8
21.7 2l.06
24.1 C.F.S.
21.4 2le3
18.0 18.0
24.6 C.F.5.
23.6 22.5
17.0 16.9
24.9 CL.F.3.
17.4 17.3
18.6 20.4
24.1 C.F,S.
1648 16.7
15.2 5.1
17.1 C.F.S.
5.7 15.7
17.6 22.0
35,) CeFa5.
STMD=
21.2 19.2
14.56 l14.6
24.9 CJF.S.
STHD=
16.0 15.4
13.9 13.9
17.8 € F.5,.
ST™MN=
15.0 L4.5
12.3 12.3
16.0 C.F.S.

MMNKNTE

Jal3

Ja10

7,03

VISTA,COLGL L7 SO

2448
26.9

TimE

23.4
Zleb
TIME

21.3
17.9
TIME

21.7
16.9
TIME

17.3
2242
TIME

16a6
15.1
TIME

15.6
26.9
TIME
SAX=

17.8
14.8
TIME
SAY=

15,0
13.2
TIHF
SAX=

L4.2
12.2

TImr

15.03

159.22

15,00

4,8 a7
27.8 ?hab
1a%5 Pele
2325 231.5
2145 21.5
0.15 a,m,
21l.2 21.2
17.9 17.8
12,03 PN,
21.2 20.8
16.9 6.8
D.45 AL,
L7.3 17.2
2346 Zl.7
4.45 P.M,
1.5 t6u4
1541 15.0
0.15 A.M,
15.6 15. 6
32.0 34,4
5e%h Palte
TANSM=
1&.9 1&6.2
16.2 19,0
.45 P.M,
TANGM=
14471 14.5
13.8 i3.8
1040 VoM,
1) TAMSA =
13.9 13.8
12.2 12.2
D.15 A.M,

WY 58 STUny

17.2
15.3

SNOHA?

2i.n
3246

ra.t

4,2

14,8
17.9

L]

15. ¢

4.9

225

19.9

18.1

15.7

PA.6

17.9

14.n
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AT OAM 12,3 12,2 . 1222 .. 12.2 12.2 ... 12.1 S12.1 12.1

£ 26 SDEPTH= 12.60 STMD= 0.17 SAX= 15.00 TANSM= 0,17 SPLw= 0.06

11.7 12.1 13.9 17.6
PM 22.6 28.7 33.7 36,2 36,7 35.6 34.1 31.9 29.4 5.8 31.8  18.8 21.2
. MAXIMUM= 36.8 CeFaSa TIME  _4.45 p.M, .
18 AM - 16.7  15.2 . 14.2 13.5  13.0 12.7-  1a.s 12,3 12.2 12.1 12,9 11.9 _
pM 11.8 11.8 11.8 11.8 1.7 1.7 11T 11.7 11.6 11.¢ 11.6 1.6, 12.4
.. MAXIMUM= . 17.4 C.F.S. TIME  0.15 A.M )
19 aM. 11.5 11.5 11.5 11.5 11.4 1.4 1.4 11.4  10.9 10.83 10.8 10.8 ,
pM 10.8._ 10.8 10.7. 107 10.7 . " 10a1° 108 11.5 1425 .19.1 . 25.0 ._30.2.  12.9 . ..
MAX IMURS 11.8 C.F.S. TIME 12,00 P.M. ‘ - - :
19 SDEPTH= . 2.77 STMD= 0,18 SAX= 15.00 TANSM= 0.04 SPLW= 0.02
20 aM 33,5 32,2 26.8 22.1 18,8 16.6  15.9 14.0 13,3 12.8 2.4  12.2-
pM 12.0 12.0 11.9 11.9 12.4  14.5 19.5 28.6 38.8 49,6 56,0 51.8 22.9
MAXEMUM=_ __ 57.3 C.F.S. _TIME _10.45_PoM. "~ L T )
20 SDFPTH= ___A.1A  SIMD= _0.19 . SA%= 15.00_ TANSM=. O_0A  SPLE= Q.04 . o - . :
21 AM 47.1  38.7  32.0 27.3 24,1 21.9 204 19.3 18.9 17.5 17.1 16.8 .
pM 16.7 16.5 17.0 18.6 21.9 27.1 33,3 38.9  42.1 40.1 34.9 10.3 26.5
MAX [MUM= 49.7 C.FaS. TIME 0.15 A.M. :
21 SDEPTH=. _ 7.77 SIMO= 0.19  SAX=.15.00 TANSM= 0,064 SPLMW= .06 ... . . __ . ___
22 AM 27.1  24.9 23.3 22.3 21.5 21.0 20.6 20,4 20,2 20.0 19.4 1o.8
e PM_ 3928 _19.7. . 1941._ _19.6_ . 19.6.... 19.6__ _ _19.5 . 19.5 19.5 _ 19.4 1944 . 19.6. . 20.7_.-.
oo _MAXIMUM= . 28.1. GuFuS.. . . TIME 0.15 A.Ma_ . i} ) -
ZZM-SQEPTHz___IZ 74 . STMD=..0.18 SAX= 12.00 TANSM= .0.18. SPLW= _0.06 .
23 AW T 194 19,3 19.3 1o.3 . 19.2 19.2 19.2 19.1 - 17.9  17.9  17.9 17.8
T PM . 17.8 17.8 17.8 17.7 17.7 17.7 ©17.6 17.6 18,7 18.7 18,7 18.6 18.4
MAX EMUM= 19.4  C.F.S. TIME. __ 0.15 A M. . o e )
.23 _SDEPTH= _ 12.71._STMD= 0.18. SAX= 13,00 TANSM= 0.17 _SPLW= " 0.06
24 AN 18.6.  1Bab  18.5  1A.5 ___ 18.4 __ 18.4 . 18.4.__ 183 _ 17.1 . 171 _17.1 . 17.0 -
TS 17.0 17.0 1649 16.9 16.9 16.8 16,8 16.8 17.9 17.9 17.8 17.8 11.6
MAXIMUM= ~ 18.6 C.F.S. TIME 0.15 A.M. o
24 _SDEPTH= _ 12.67._SIMD=__0.1B _SAX= 14.00 TANSM= .0.17 . SPLW= 0.06 I
25 . AM  _17.8 . 17.7 17.7 17.6 17.6 17.6 17.5 17.5 16,3 16.3 1642 16,2
e BM 16.2 __16a) .. 164) . 16l _16.0  16.0. _ _ 16.0  15.9 17.1 17.0 17.0 17.9 16.8_
MAX [MUM= 17.8 C.F.S. TIME D.15 A M, '
25 SDEPTH= 12,63 STMD= 9.17 SAX= 15.39 TANSM= D0.17 Sulw= 0.06
260 AM 16.9  16.9  16.9  16.8 k.8 16.8 - 16.7 167 15.5 15.4 15.4 15.%
o PM . 15.3 _ 15.3 . 15.3 15.3 15.2 15.2 15.2 15.1 1642 16.2 6.2 16,2 16.2
MAX T MUM= 1700 CoFoSe _TIME _ 0,15 _AoMe_. __



‘L-g

_~21_JML____Jh;L___JbLLWﬁHJéLL___Jﬁ;Q.__Jb.Q_. 16.0 15.9 15,9 15.9
CPM . 15.7. . 15.7 .. .15.1 15.6 15.6 15.5 15.5 15.4 15.3
) _MAXIMUMs. 1642 CaFuS.. . ._TIME 0,15 A.M.
.HWWZIw_SDEEIH_,n_lz;ﬁl__SLMDH_*Q411WNSAX*WLEmﬂl_ JANSM= _0.17 SPLW=__ .06,
28 _AH- 15.2. 1%.2 15.2 15.2., 15.1 15.1 15.1 15.1 13,9
PM 13.8 13,7 13,7 . 33.7. . 13.7. . 13.6 . 1.6 _ 13.6 14.7
oo MAXIMUM=_ .  13.8 _C.F,S.. TIME 11,15 AJM.
2B SBEPTH= _11.43  SIMD=_ . 0.19 _SAX=.15.00. TANSM= 0.02 SPLH= . 0.06
z»u*an - Yhab Lheb o th.6 1445 14.5 14.5 T 14.4 14.4 l4.%
PR ,,14.3- 14.3 14,2 14.2 Lé4.2 14.2 14.1 14.1 1441
- - = ( TIME __ 11.15 AuMe . . .. R
.29 _SDEPTH=. .1L.D3 . STMD= 0.20. SAX= 15.00 TANSM= 0.12 SPLW= 0.06
30__AM 140 14,0 139 13.9 13,9 __13.9 . 13.8  __13.8___ 12.4
T1ES - U12.8 12,5 12.4 12.4 12.5 12.9 15.1
20.7T c FeSa TIME 12.00 P.M,
= - ZlmmSAXkAJjLJKL_JANSH_“_Q.DB__S?LHWﬁ 0,08 - . .
31 AM 2140 20.2 _ Y8.7 __ 1743 .. _16.3 15.6 . 15.1 .. 14.8 13.2
- ‘ , 12,7 . 12.8 1341 . . 1%s2 . _171.5
Theo Y . MANEMUMs  -F4.8 - C.F.S. TIME 12,00 P.M.
"t AL - SDEPTHM= . B.SL  STMD=. 0.23 SAX= 15,00 TANSM= 0.0 SPLW= 3.08
_MOVEMBRER : . N A
1AM 24,8 23,8.......22.1 .. _..20.2 18.6 1T.4 1646 . 160 15.6
PM 14.9 . 14.9 _1__6-8 la.T 14,7 14,7 18,4  ___ 170 . _19.9. ..
L MAXT MUM=S "Bl.6 CIiF.LS. TINE 11.45 P.M,
1 SDEPTH= 8.06 STMD= 0,24 SAX= 15.00 TANSM= 0.D6 SPLW= 0,07
2 AM 3.2 27.9 24.7 22.4 20.9 19.8 19.1 18.6 18.2
PM 17.6 17.6 17.5 17.5 17.5 17.4 17.4% 17.4 17.4
e __MAXIWUM= 31.5_ _C.F.5. _ _ TIME 0.15 A.M, el
2 SDEPYH= Q.60 " STMD=x 0.25_ SAX= 15,00.. TANSM= (.19 SPLW= Q.07
3 AM 17,4 17.4 17.4 17.3 17.3 17.3 17.3 17.3 17.3
PM 17.2 17.2 17.2 17.2 17.2 17.2 17.7 17.2 17.2
MAX I MUM= 17.4 C.F.S5. TIME N.15 A.M,
— o3 SDEPTH=s _ 11.81 . SIMB=  0.24 SAX=_13.00 TANSM= _0.22 SPLW= 2.07
4  AM . 17.1 17.1 17.1 17.1 171 17.1 17.1 17.1 17.0
—_— PM . 17.0  1%7.0 - 1Te0o___17.0 17.0. 17.0 16.9 16.9 1£.9
- MAX IMUM= 17.1 C.F.S. TIME 0.15 AlM,
4. SDEPTH= . 11.98 STMD= 0.25 SAX= 13.00 TANSM= 0.21 SPLW= 0.07

15.0

B B R

15.7

L1BLS

17.3



5. AM 16,9 -  16.9 - 18.9  16.8- . 16.8 16.8 - 16.8 16.8 16.8 16.8 16.8 16.7
B 16.7 168.7 16.7 16.7 1647 | 16.7 16.7 16.7 16.7  1lé.s 16.6 16.6 16,7
MAXTMUM= . 16.9 CaF.S. . . TIME. _ . 0.15 .A.M. e o . ‘
5 SDEPTH:  14.17 STMD=  0.27 SAX= 13.D90 TANSM= 0.24 SPLW= 2.07
——b _AM 16,6 1645 - lbet. . 1Bad  _l16a%  1h.h . . 1Ouh _ 164 1644 16.4 _ 164 bas. _ _ -
PM 16.3° 16.3 16.3 16,3 16.3 16.3 16.3 12.3 16,3 16.3 16.3 16,13 16.4
MA X TMUM= 16.6 C.F.S, TIME 0.15 A.M. ‘
et SREPTH=s 1629 STMD=z _0.21. $AX=.12.00 TANSM= 0.27 SPLW= . 0.07 -
celn AMo 163 16.3 16420 . 1642 . 1642 _16.2 .. . 16.2 16.2 16.2 16.2 161 . 16,1 -
: . PM 16al.. . 16.1 . 18.1 laal léal M.l . 16l 1balo 161 V6. 1bal. . 1640 161 -
SRR L MAX IR 16.1 C.F.5, ~ TIME 11415 AuM, : ' L ‘ : o
- T SOEPYH= 4°16.19 STMD= 0,21 SAX= 13,00 TANSM=" 0.27. SPLW= 0.07
8. AM 16.0 16,0 16.0 16.0 16.0 .16.0 .. 16.0. 1640 15.9 15.9 15.9 15.9
BM 15.9 15.9 1529 15.9.. 15,9 _ . 18.9 . 15.9 . 15.8 . 15.8 . _15.8 _15.8 .. .15.8 15.9
e 1529 CaF.S. TIME 11.15 A M, — e e i -~
TI6502 STHMD=E - 0.21 SAX= 14.00 TANSM= 0426 SPLW= 0,07 :
AM 15.8 15,8 . 19.8 1548 _ . 15.8__ . 15.7 15.7 __15.7 A5.7T . 15%.T . A5.7 . iB.T .
PM. ... 15.7.__ 1%.7 15.6 15.6 15.6 15.6 15.6 15.6 .15.8 15.6 15.6 15.6 15.7
e e MAXIMUME 15,7 CafeSal.. . TIME.  11..15. A M. . . . :
9_ SDEPTH= 15.84  STMD= . 0.21  SAX= 15,00 __TANMSM= De26  SPLlW=_. 0.07 .. . ... . - - e .
10 AM 15.6 15.6 15.5 ‘15.5 15.5 15.5 15.5 15.5 15,5 15.5 15.4 15.4
,,,,, L PM o 15.4 15,4 _15.4 154 15.4 | 154 _ 154 __ 15.%4 .. 15.4 15.4. 15.3 .. -.15.3 15.4
. . MAXIMUM= 15.4. C.F.S. TIME 11.15  A.M. ’ o : )
el SDERTH= . 15.75 .STMD= 0.21 . S5AX=.15.00 TANSM= 0.26 . SPLW= . 0.07
M 15T 1543 15,3 15.3 15.3 16.3 15.3 . 15.3 15.2 15.2 - 15.2 15.2 | : '
P 1502 15.2 15.2 15.2 ‘15,2 . 15,2 15.2 15.1 15.1 15.1 15.1 15.1 15,2 .
MA X I MIIM-= 152 _CaFaSe - TIME 11,15, A.M. . ——— ' S
11 SDEPTH= 15.58 STMD=  0.21 S$AX= 15.00 TANSM= 0.07
e d2_AM ~15.1 1541 .. 1541 15,1 15,1 .. 38.1 .. . . ~15.0_ .. 15.0 . . 1%.0 15.7 __15.0. .
WY pML T IS, 0 15.0 15,9 15.0 15.0 14.9 14.9 14.9 14.9 14.9 14,9 15.0
L MAX TMUM= 15.0 C.F.S, TIME 11.15 A.M. : : :
——-12 - SDEPTH= . 15.42 .5TMD= 0.21 . SAX= 15.00 TANSM= .0.256 SPLW= 0.07 .
13. AM 14.9 14.9 . 14.9 14,5 14.8 14,8 14.8 14.8 l4.8 14.8 14.8 14.8 ‘
——— . SPM_ . 1448 . _1l4.8 . 14.3 14.7 .. 1l4.7 14.7 14,7 14,7 14.7 14.7 14.7 14.7 14.9
MAX IMUM= 14.8 C.F.S, TIME 11415 AuM,
13 SDEPTH= 15.25 STMD= 0.21 SAX= 15,00 TANSM= 0,25 SPLW= (.07
14 AM L4.7 14.7 14.7 14,7 l4.6 14.6 14.6 14.6 4.6 14.6 4.6 14.6
. PM 14.6 l4.6 14.6 14.5 14.5 14,5 14,5 14.5 1445 14,5 14,5 14.5 14.6
— e MAXIMUME 4.6 CLE.S.. TIME. _11.15, A.M, _
b4 SDEATH= 15,08 ' STMD= 0.21 SAX= 15.00 TANSM= 0.25 SPLW= 0.07




vl-g

— 15 AM. 18,5 . 14,5 . 14.5 ___14.5._. . _ l4.4 14. 4 14,4 1l4.4 la.4 l4.4 14,4 14.4

PH 144 14.4 144 14.4 14.4 14.3 14,3 14.3 1443 14.3 14.3 14,2 14.4
MA X I MUM= l4e% CaFaS. TIME 11.15 A.M,
15 SDEPTH= 30,40 STMD= 2,14  SAX= 11.00 TANSM= 0.34 SPLw= 93,07
16 AM 14.3 14.3 14.3 14.2 14.3 14.3 14.3 14.2 14.7 14,7 14,2 14.7
PM 14.2 14.2 14.2 14.2 14.2 14.2 14,2 4.2 14,7 14.2 14,1 14.1 14,7
MAXTMUM= 14.2 C.F.S. TIMF 11.15 ALM, .
16 SDEPTH= 31.02 STMD= 0.16 SAX= R.00 TANSM= 0.39 SPiW=  03.07
CIT AM 1441 14.1 . 14.1 ia.t 14.1 - 14.1 1441 14.1 14.1 14.1 14.0 14.0
PM 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0
MAXEMUM=  __ 14.0 C.F.S. _ 11.15. AuMa_ . R
. 1T. SDEPTH= . 39.01 . STMD=_ 0.14 SAX= 7.00 TANSM= 0.42 SPLW= 0.07
18~ AM 4.0 14.0 14.0 13.9 1.3.9 _ . 13.9 .. _. .13.9 13,9 12.9 12.9 13.9 13.9 .
PM 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.8 13.8 12.8 13.8 13.9
) MAXIMUM= ' 13,9 C.F.5. TIME 11.15 A.M.
*m___lﬂ__SDEEIH____EB.&RM“SIMDAAﬁQ‘lﬁ_msax___ﬂ;ﬂﬂ TANSM= 0.43 SPLW= (.07
L 19 AM._...13.8 13.8 13,3.. . 13.8 13.8 13.8 13.8 13.8 13.4 13. 13.7 13,7
PM 13.7 13,7 . ..13,7 13,7 . 13.7 . .13.7 . 13.7 12,7 13.7 13.7 13.7 13.7. . .13.7
MAXTHMUM= 13.7 C.F.Sa° TIME 11.15 A.M. .
19  SDEPTH= 38.77T STMD= 0.14 SAX= 9,00 TANSM= (.42 SPLW= 0,07
. 20 AM. 13.7 13.7.  13.7 13.7 13.7 13.7 13.6 13.6 12.6 13.6 13.6 13.6
e BB 1306, 1346 13.6. 13.6 13.6 13.6 . 13.6 13.6 13.6 13.6 13.6 13.6 12.6
; MAXIMUM- 1306 L eFaSa LIME 11.15 AaM e e -
e 20 sospru--- 38.66. STMD= 0,14 SAX= 10.00 TANSM= 0.42 SPLW= 0.07
Hugzlﬁ"Au 13.6 13.5 13,5 13,5 13.5_ . 13.5 . 13.5 12.5 12.5 13.5 13.5 13.5
-.PM 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5  13.5 13.5 13.5 13.4 13.5
e MAXIMUM= 13.5 C€.F.S. TIME. .. 11.15 A.M.
WMD&LH_JM_AWLMMM.DD TANSM= | D.42  SPLW= 0,07
zz AM 13.& 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4
— _PM 3.4 . 13,4 Q3.4 . 13.4 . 13.4 13.4 13.4 13.4 13.4 13.3 13.3 13.3 13.4
. MAX I MUM= 13.4 Cu.F.S. TIME 11.15% A.H.
22 SDEPTH= 38.39 STMD= 0.14 SAX= 12.00 TANSHM= 0,42 SPLW= D.07
23 AM 13.3 13.3 13.3 13.3 13.3 13.3 13.3 13.13 13.7 13.3 13.3 13,1
PM 13.3 13.3 13.3 13.3 13.3 13.3 13.3 1343 12.3 13.2 13.7 13,2 12,73
e e —— MAXIMUM= . 13.3 . C.F.S5. LTIME | 11415 AWM,
23 SDEPTH= 38,26 STMD=  J.1% SAX= 13.00 TANSM= 0.41 SPLWs  0.07
.24 _AM 11,2 13.2 . _13.2....13.2 13.2 13.2 . 13.2 13.2 13.2 13.2 13.2 . 13,2
PM 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.7 13,2 13,2 13.2 13.2 13,7
MAX I MUM= 13.2 C.F.S. TIME 11.15 A.M.

- b SDEPTH=  _ 38.13 STMD=  0.14% SAX= 14.00 TANSM= 0.41 SPLW= 0.07



gL-g

25 AM . 13,2 . 13.i.  13.1 . 13.1  131.1 13.1 13.1 12.1 13.1 13.1 . 12,1

. 13.1 o
PM_ 12,01 13,1 13,1 13.1 L3.1. 13,1 . 13.1 . 13.1 . 13.1 1301 oo 13.1 13,1 13,1
5T MAXIMUM= 13.1 C.F.S. TIME 11.15 A.M. : : o : v
25 SDEPTH= 37,99 STMD= .14 SAX= 15.00 TANSM= 0.41 SPLW= 0.01
26 AM 13.1 13.1 13.1 13,1 13.1 12.0 13.0 13.2 13.0 13.0 13.0 13.0
PM. _  13.0._..13.0 13.0 . 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0
_ MAXIMUM= 13,0 CoFeSe JIME_ 1115  AM. . . .. e e e N
. 26 SDEPTH=  37.77 STMO= 0.14 SAX= 15.00 TANSM= D0.41 SPLW= D.07 _ . _ .
#__21__An__mﬁu13Anuﬁm_L1;n_k_~L1d1___JJLJL___134Q____13_DMM_M_, 13,0 13,0 . __13.0 _13.0 13,0 12.9 - .
e W PM_ 12,9 13,0 __13.0....13.0. 13.0 . 13.0._ _ 12.9 . 12.9 12.9 12.9.° 12.9 12.9 13.0. -
e o MAXEMUMZ . 130 CuFaSe... TIME  11.15  A.Ma.. . - IR
27 SDEPTH= 3764 STMD= 0,14 SA¥= 15.00 TA&L&M,WMO._SELH— 0.07 .
©28 AM 12.9 12.9 12.9  12.9 12.9 12.9 T 12.9 12.9 12.9 12.9 = 12.9 12.9 ST
: M 12.9 12.9 12.% 12.9 12.9 12.9 12.9- __ _12.9 _ ___12.9 12.9 12.9 _12._9______1_2._9__
MAXTMUM= 12.9 C.F.S. TIME 11.15 A.M. :
28 SDEPTH= 37,51 STMD= 2,14 S$AX= 15.00 TANSM= 0.4% SPLW= . 0,07
L 29 AM 12.9 12.9 12.9 .- 12.9_  12.9 _ . 12.9. ... 12.3...  12.9.. _12.9 .~ Lz.a 128 12,8 ..
M 12.8 12.8 12.9 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12,9
MA X [MUM= 12.8 C.F.S. TIME 11.15 A.M.
29 SDEPTH= 37,38 STMN=  0.14 SAX= 15.00 TANSM= D.49 S$PLW= 2,07
12.8 i 12.8 12.8 12.8 12.8 2.8 12.8 L 12eB. o 12.8 . _12.8. 12.8_  _12.8
- 3 % . I E2.8 _ 12.83 12,8 C12.8 12+.8 - 7128 - 12.8 12.89 . 12.8 ' 12.8& - 12.8 12.8
MAE{MUM:- 12.8 Cu.F.5. TIHE 11.15 A.M, o , : o : ' S
T H = : Laﬁno__xnusaq__n,sn*“svlu— n.07% -
D&awm_m_““__mm____“m_
k.. AM 12.8 13-5 14,1 " 14,6 15,0 15.4 ~15.7 16,0 16,3 . 16.5 16.1. 16,9 - .
TLLPMT UUIRAEY  1Te4 0 TTWS . 1T.T L 17.9 030 18,00 18.1 18.2 18.4 18.5 18.5 . 1846 16,7 -
MA X TMUM= - 16.7 CaFaS. TIME 11,15 A M. ' : ' e
1 _ SDEPTH= 37.14 STMD=  0.14 . SAX= 15,00 . TANSM=__0.40 __SPiW=_ 0,07 _. U S
2 AM. . _18.7 __ 18.8. _18.9 8.9 _19.0 .. .19.0 . 19.1 19.1. 19.2 19.2 19.2 19.3 : .
— pPM 19.3 9.4 19,4 . 19,5 _ 19.%5... . .19.6 .. . 1%.6... 19.6. 19.7 . 19.7_.._.19.7 _ 19,7 19.3
‘ MA X 1 MUMN= 19.2 C.F.S. TIME 11.15 A.M,
2 SDEPTH= 37,02 STMD= D.13 SAX= 15.00 TANSM= D,.39 SPLW= 2.07
3 AM 19.17 19.8 19.8 19.3 19.8 . 19.8 19.8 19.8 19.8 19.9 19.9 19.9 _
e PM 19,9 . 19.9 .. 19,9 19.9 20,0 _20.0 20.0 20.0 20.0 20.0 20.0 . 20.0 12.9
MAXTMUM=_ 19,9 _C.FE.Se . .. TIME. _1L.15 _AudMa._ . . - ——— el

ﬁ\43 SBEPTHM—"—iﬁ 99 STﬂﬂw-mﬂﬁ}3«~5&¥ 15.00 TANSM= 0,39 SPLW= 0.07 B
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4 AM 20,0 23,0 20.0 200 23.0 20.0 2.0 20.0 20.0 20,0 20.0 20.0

pM 20,0 20.0 2040 20,0 2.0 20.0 2.9 20.0 2002 20.0 20,10 N0 20.90
MAXIMUM= 203 CuF.5, TIME 11,55 ALM,
4. SDEPTH=. 36.78 STMD= 0U.13  SAX= 19%.90 TANSM= 0.39 SetW= 2.07
5 AM 20.0 20.0 20.0 23,0 0.0 20.0 23.0 20,0 19.9 19,9 19,@ 19.9
M .19.9 19.9 . 19.9 19.9 19.9 19.9 192.9 19.9 19.9 19.2 19.9 19,0 19,9
MAX I MUM= 19.9 Ca.F.S. TIME Fla15 AuM,
-5 _SDERTH= . 36,65 STMD= 0J.13 SAX= 15,00 TAMSM= 0,39 SPLW= 1J.07
&AM 12.9 19.9 19.9 19.8 19.8 19.8 19.8 19.8 159.8 13.8 19.8 1.7
PM 12.8 19.8 19.7 19.7 19.7 19.7 19.7 19.7 19.7 19.7 19.7 19,7 19.8
. —MAXIMUM= | 19,8 CLF.S5. TIME 11.15 A.M.
& SDEPTH= 36,32 S5TMD= 0412 SAX= 15.00 TANSM= 0.38 SPLW= 0.07
LA AM 19.7 00 19,2 L1947 . 19.7 13.5 1%.6 19.6 19.6 19.6 19.6 19.4 19.6
M- 19.5 19.5 19.5 19.5 19.5 19.5 13.5 19.5 19.5 19.5 19.5 15.5 I%.6
MA X IMUM= 19.6 C.F.5. TIMF 11.15 A.M.
T SDEPTH=_ 36,19 STMD= 0,13 SAX= 15.00 TANSM= 0.38 SPLW= 9.97
g  AM . 19.5 19.5 19.5 17.4 19.4 19.4 13.4 1G4 10.4 19.4 19.4 19432
e o-PM_ L1843 . 1l9.3 19.3 19,3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.7% 12.4
’ MA X I MUM= 19.4 C.F.5. TIME 11.15 A.M.
8 SDEPTH= 36.07 5TMD=  0.13 5AX= 15.00 TANSM= 0.38 SPLW= 0,07
9 AM 19.3 19.3 19.2 19,2 19.2 19.2 1742 19,7 19.2 19.1 19.1 19,1
. LPM 19.1 19.1 - 19.1 L9.1 19.1 19.1 19.1 12.1 19.1 1%.1 1.1 19.1 19,1
e MAX IMUM= 0 1941 _CaF.S5. TIME 11.15 A.M, :
9 SDEPTH= 35.6F7 STMD= Q.13 SAX= 15,00 TANSM= 0.37 SPLW= (.07
1D AM 0 19.0 19.0 .. 19.0 . 1%.0 19.0 “19.0 19.0 9.0 18.9 18.9 18,9 18.9
PM 8.9 18.9 18.9 18.9 18.9 18.9 14.9 18.9 18,5 18.9 13,9 18.8 18.9
MAX TMUM= 18,9 L.F.3. TIME 11415 A.M.
- LO... SDEPTH=. 35,36 .5IMD= .13 SAX= 15,00 TANSM= D.37 SPLH= 0,07
11 Am 18.8 i3.8 18.8 1R.8 15,8 18.8 18.8 13.8 12,7 18.7 18,7 1R. 7
PM 18.7 18.7 18,7 13.7 18.7 18.7 18.7 Le.7 1€.7 19.7 18.7 18L& iB.7
MA X IMUM= 19.7T C.F.S. TIME 11.15 A.v,
Ll SDEPTH= 35.723  STMD= 3013 SAX= 15,00 TaNSM= 0,17 SPluY= 3,07
12 aAM - l8«6 18.6 13.46 18.6 18.6 18.56 1%.¢e 12.6 18.5 18,5 18.5 18,5
M 18.5 [8.5 18.5 18.5 18.5 18.5 13.5 18.5 18.5 [B.5 LR .S 1R,.5 18.5
MAXTMUM= 18.5 C.F.S5. TIMF It.1% A.M,

12 SDEPTH= 35.12 STMD= 0,12 -SAX= 15,90 TANSM= 0,27 S5PLW=  J.07
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13 AM T 18.% _18.4 ARG 1B, 4 18s%. ... 1Ba4s . 18.4 . 1B.4 18.4. 18.4% 18.3 . 18,2 . _____
- P 18.3 ‘1B8.3 18.3 is.3 18.3 18.3 16.3 18.3 18,3 18.3 18.3 18.3 18.4
MAX IMUM= 18.3 C.F.S. TIME 11.15 A.M,
13 SDEPYH= _ 35.01  STMD= 0.12 _SAX=_15.030 TANSM= 0.37._SPLW= D0.0T.. _ - —_— -
14.. AM 18.2 18.3 0 18,3 _18.3  _ 18.2 . 18.2. . ... 18,2 1R.2 1R.2 18.2 18.2 18.2
co—BM_ o 18.2 18,2 0 18.2 . 18.2 - 18,2 . 1H.Z2. 18,2 . 18.1 LB8.1 1B.1 N 18.1. _ 18.2
MAX IMUM= 18.2 C.F.3. TIME 11.15 A.M, T i
l‘t SDEPTH=  34.89 5STMO= 0.13 SAX= 15.00 TANSM= 0.37 SPLW= D.07
15 AN . 18.1 . .. 18.1 . 18.1 _L8.1 . 18.1 _ _ 18. t . 18.1 ‘18.0 18.0 18.0 18.0. 18.0 :
,W_BM. - . 180 .. 18.0 . 18.0. 18.0 .- . 18,0 .18. 0‘.,_ .. 18.0 . 18,0 18.0 18.0 18.0 18.0 18.0
MAX TMiJM= 18.0 CaF.S. TIME 11,15 _A.Ma _ —_ - e
15 SDEPTH= 3?.58 S S5TMD= 0414 -SAX=-12.00 TANSM= (.39 SPEW= 0,07
16 - AM 18,0 @ 1B.O . 18.0 17.9 17.3 17.9 . Y. 172 1Te% . 179 1749 _17.9 .
Lo PML _1T.9 . 11.9 17.9 17.9 17.9 . 17.9 . 17.9 - 17.9. 17.9 17.8 17.8 . 17.8 17.9
et MAXIMUM= . 1T7.9  LL.F.S5. . __TIME 11.15 A.M..._. (S ) -
16 SDEPTH= 39,18 _STMD= 0,14 SAX= 13.00 TAN‘ZM— 0 4? SPlW=_ 0,07 T
17 AM . 17.8 17.8 17.8 17.8 17.8 17.8 . '17.8 17.8 17.8 17.7 17.7 17.7
—_ pM - 11.7 17.7 17T . 11a.T 17T 17.7 R W % AURE By P SN Iy 5 17.7T . _11.7 7.7 YT.R
R MAXTMUM= 17.7 C.FeSe. TIME 11.15 A.M. - -
LT SDEPTH=.. 38,90 S§TMD= D.14 _SAX= 14.00 TANSM= 0.42.__SPLW=. .0.07. -
13 AM . it.7 Ti1T.7 17.7 17.7 17.7 1707 17.7 17.6 17.6 17 6 11.6 17.6
: T PM 17.6 17.6 17.6 17.6 17.6 17.6 17.6 17.6 17. 17.6 17.6 17.6 17.6
e MAXIMUM="  17.6  C.F.S.  TIME 11,8 A.M. e — . :
LB __SDERPTH= = ..3%9.15 5TMD= Q.14 SAX=.15.00 TANSM:-, Q.35 . SPLW= 90,07 -
19 _AM 176 17.6  _11.4 17.6 . 11.6  17.6 —17.5 17.5 17.5 17.5 17.5 17.5% _
: M 1T.5 17.5 17.5 17.5 175 - 17.5 o 1Te5T 0 1745 17.5 17.5 IT.5 1725 17
MAXIMUM= - 1T7.5 C.F,.S5. " TIME 11.15 A.M,. . :
~A0.81. S5TMD=_ 0.14 SAX= 15.00__TANSM=_ 0.45 SPlW= _0.07 _ _ e . _ - —
A0 AML L ATLS  _1T.5. . 1T.5 17.5 17.5. . 17.% 17.4 17.4 17.4 174 17.% 17.% B
: PM 17 a4 17.4 1.4 17.4 17.4 . 178 17a% __ 1746, _1T7atr __ 174 _ 17.4% 174 17.%
R MAX T MUM= 1 7.4 CuF.S.. - - TEME 11.15 A.M., - ’ E
20 SDEPTH= 40,71 5TMD=  0.l4 SAX= 15.00 TANSM= 0,45 SPLW= 0.07
21 AM 17.4 17.4 LT.% 17.4 17.4 17.4 17.4 17.3 17.3 17.3 17.3 17.3
PM C1T.3 _ 1T7.3 17.3 17.3 . 17.23 17.3 17.3 17,2 17.3 17.3 17.3 17.3 17.3
MAXTMUM= | 17,3 .(.F.3. TIME 11,15 A.Ma . e o o R
21 SDEPTH= 40,60 S5THMD= D.14 SAX= 15.00 TANSM= 0.45 SPLw= 0.07
22 AW 00 17.3 0 1T.3 0 17.3 0 17a3 __17.3 . 173, . 1T.3 17.3 17.32 17..2 17.2 17. Lo _
PM 17.2 17.2 17.2 17.2 172 17.2 17.2 17.2 17.2 17.2 17.2 17.2 17.3
MAXIMUM=_ . 17.2. LCaFaS. ... TIME 11.15 —_A. M. —

22 _SDEPTH=___ 40.50. STMD= _0.14 SAX= 15.00 . TANSM= . 0.45 SPLH= 0.07
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23 AM 17.2 17.2 17.2
oM 17.2 7.2 7.2
MA X TMUM= L1742 Co¥f.>.

23 SANEPTH= 40407 S5TMT= Jal4
24 AM 17.2 17.7 17.2
P 17.1 i7.1 17.1
MAX I MU= 17,1 C.F.S5.

4 SR TH= 4. 1% St Jal4h
25  AM 17.1 17.1 17.1
P 17.1 17.1 17.1
MAX I MUH= 17.1 "CaFa5e

2% SDEPTH= 41.35% STMO= (.14
26 AM 17.1 17.1 7.1
PM 17.0 i7.0 17.0
MAX [MUM= 17.0 C.F.5.

2¢  SDEPTH= 40.95 STMD= 0.14
27 AM 17.0 17.0 17.0
PM 17.2 i7.0 17.92
MAXTHMUM= 17.0 (L.Faa,.

27 SDEPTH= 40.84 STMD=  0O.14
28 AM 17.0 17.0 17.0
pM 16.9 16.% 17.2
MAX [MUM= 169 CaFad,

28 SpCPTH= 40,74 STMD=  J.l4
29  AM 17.0 17.9 17.2
PM l&.9 16.9 16.9
MAX IMUM= 1647 C.F.5.

29  SDEPTH= 40.64 STMD= 0,14
20 AM 1629 16.5 16.9
] 16.9 16.9 16.9
MAX TMUM= 16,3 C.F.5.

30 SUEPTH= 40,53 STMD= 9.14
31 AM loa.9 lHhe® 15.9
oM 16.9 16.9 15.9
MAXTMUM= 16.9 (C.F.5.

A1 SDEPTH= 40042 STHD= 2014

JANUARY

1AM 16.9 15.7% lo.S
Py 16.9 16.9 16.7
MAX IMU4= 6.7 [J.F.S.

1 SDEPTH= 40432 ST+DN= Q.14

17.2
17.2
TIML
SA¥=

1r.2
17«1
TIME
SA¥=

17.1
17.1
TIME
SAX=

17.1
17.2
TIME
SAX=

17.0
17.7
TIMC
SAX=

17.0
17.0
TIME
SAX=

17.0
6.9
TIME
S5AX=

16.9
16.9
TI4E
SAX=

15.%
16.9
Fime
SAX=

16.9
16.9
TI1HE
SAX=

17.2 17.2
17.2 17.2
it.1% a.nM.
12.3)  1AMSM=
17.2 17.1
i7.l 17.1
11.15  A.M,
15.073  TANSM=
1741 7.1
17.1 17.1
11.15% A.M,
15.00  TANSM=
FTel 17.0
17.0 17.0
11.15  A.M.
15.00 TANSM=
17.0 17.0
17.0 17.0
I1.13 A.M.
15.00 TANSM=
17.0 17.0
17.0 17.0
11.15 A.M,
15.02 TANSM=
17.0 16.9
16.9 16.9
11.15 AuM.
15.00 TANSM=
16.9 16.9
1£.9 16.9
11.15 A.M,
15.00 TANSM=
1.9 ke .9
16.9 16.9
11,15 A.M,
15.39  TANSM=
16,4 16.9
16.9 16.9
11.1% A.4.
15.00 TANSM=

Ca42

N.%7

D. 44

NDedd

D44

(4P

Oet3

Oa43

Oe4

SELW=

16.9
ic.9

SPLW=

159
16.9

SPLW=

17.2
17.2

17.1
17.1

16.9
16,9

17.2

17.1

17.1

17.

[

17.0

17.0

16.9

16.9

16.9

16.9
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-2 AM ~16.9. i6.9, 15.9 16.9. 16.9 6.9 16.9 16.9 . 16.9 16.9- 16.9 - 1649 -
o 169

pM 169 1629 16.9. 16a9. 1649 _ . 1629 . . .. 16.9. . 16.9 . 16,9 16,9  16.9 . _16.9
T MAXIMUM= 16,9 CaF.S. TIME  11.15 A.M.
2 SDEPTH=  40.22 STMD= 0.13 SAX= 15.00 TANSM= 0.43 SPLW= 0.07

‘““5 AM - 16.5—— —-16 M‘; “‘“‘*1'6."’9"‘-' —iéx: q’.-"- 16-9 16.;? ﬁ16.9 —16'.9 ‘irﬁr.q 15.9 - 1.6-9“ '16- a i
- PM 16.9. 16.9 16.9 . 16.% . 16.9 16.9 146.9 16.9 16.9 16.9 16.9 16.9 16,9

e MAXIMUMS . . 1649 . CoFaSa .. _TIME. _Lle15.. AaMe — . . _ . S

3 SDEPTH= | 40.13 STMD= 0.13 SAX= 15.00 TANSM= 0.4%3 SPLH“ 0.07 )

&AM 169 16,9 169 16.9.__ 16.9 _ _16.9 1609 16.9 _.16.9 - 16.9._ _16.9. __16.9_ . .
- PM. . 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16,9 16.9 16.9 16.9 ° 16.9 . 16.9
e MAXIMUMS . 1649, CoFaS. ... TIME  11.15 . AuM. . i .

~——% SDEPTH=  40.03 STMD=_0.13 SAX__lﬁ,Qﬂﬁ“IANSﬂ___D.&z_ SPEM=_ 00T . ...

5 AM 1649 16.9  16.9  16.9  16.9 - 16.9 16.9 1649 16,9 16.9 - 16.9 - 16.9 - —
PM 16,9 16.9 16£.92 16.9 16.9 ATa0 o ATeD 170 L 17.0 . Jb7.0 . 17.0. . l‘LLL__LG_._'?___'
.~ MAXIMUM=  16.9 C.F.S. TIME  11.15 A.M. -

. 5 _SDERTH= _ 39.94 STMD= 0.13. SAX=.15,00..TANSM=. 0.42 SPLW= 0.07 ]

TEAM 17,00 170 17.00 17.0 1T.00 17.0 - 17.0 169 16.9  16.9  18.9 1649

LT e 16,9  16.9 - 17.0  17.0 17.0 17.0 17.0 - 17.0  17.0  17.0  17.0  17.0  17.0.

e MAXTIMUM= 16,9 CL.E.S. TIME  11.15... B

6 SDEPTH= 39,84 STMD=  0.13 SAX= 15.00 TANSM= D.4?2 ‘QPLH— 0.07
.7 AM 1T.0 0 17,0 17.2 _17.0  17.0 _ll-_O________!I,-Q_.____1-_7_-‘2.___.1_1.-9.__.__L?,ag,.,m._tl_-_c’_..____l_é-_q e __
< pm 12,0 17.0. D 17.00 0 A7,0__T17.00 - 17.00 0017000 T17.0 170 . A7.0 o 17.0 17.0.. .17.0.
———= MAXIMUM= 17,0 C.F.S. TIME  11.15 A.M. : : —_
7 SDEPTH=  39.57 STMD= 0.13 SAX= 15.00 TANSM= 0.42 SPLW= 0.07 :
8 AM 17.0 17.0  17.0  17.0  17.0  17.0 17.0  17.0  17.0  17.0  17.0  17.0 .
PM 174 17.0 17.0 17-0 17.0 17.0 17.0 17.0 17.0 . 17.0 17.0 17.0 1T.0
" MAXIMUM=  17.0  C.F.S. TIME  11.15 A.M. '
8 SDEPTH= 39,47 STMD= 0.13 SAX= 15.00 TANSM= 0,42 SPLW= 0.07
9. AM . 17.0._ 17.0  17.0 . 17.0 . 17.0 _ 11.0 .  17.0 . 17.0  17.0  17.0  17.0  17.0 .
e PM 1700 1740, 17.3_._ 1740 . 17.1 . 1%.1 . 17.1  1T.1  17.1  17.1  17.1 171 . 17.0 ..
MAXIMUM= 17,0 C.E.S. TIME  _1Y.15 A M. . e _ — e _
9 SDEPTH= 39,37 STMD= 0.13 SAX= 15.00 TANSM= 0.41 SPLy= 0.07
10 AM . 17.1. 17.1. .17.L . _ 7.1 L7.1. __1Eal o _. 17.1  _1Z.1  17-1  17.1  17.1  17.0 ..
P 17.1  17.1  17.1. 17.1  17.1  17.1 17.1  17.1  17.1  17.1  17.1  17.1  17.1
. MAXIMUM= 1741 C.F.5. TIME 11415 A.M.
— 10 SDEPTH=_ _ 39.27 SIMD= _J2.12_ SAX= 15.00 TANSM=_ D.4]  SPLW= . 1.07 — e m s
11 AM 17.1 7.1 17.1  17.1  1T7.1  17.1 17.1  17.1  17.1°  17.1  17.1  17.1
™ 17,1 17,1 iT.d_ 1Tl __17.1.  17.1_ JB7el L 1T.1 L1742 17.2 0 17.2 . 112 17.1

. . MAXTMUM= 17.1 C.F.5. TIME 11.15 A.M.
— 11 . SDEPTH= 39.18 STMO=  D.13  SAX= 15.00 TANSM= 0.41 SPLW= 0,07
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12 aM 17.2 17.2 17.2
Py 17.1 17.1 17.2
MAXIMUM= 17.1 C.F,5.
L2 SDEPTH= 39,72 3TMI= Jul3
13 AM 17.2 17.7 17.2
pM 17.2 i7.2 17.2
MAX IMUM= 172 (.F.5.
13 SDEPTH= 39,81 STMD= (.13
14 Am 17.3 17.3 17.3
PM . . 17.2. 17.2 17.3
MA X TMUM= L7.2 C.F.S5.
14 SDEPTH= 42,06 STHMD= 0.13
15 AM 17.3 17.3 17.3
COPH 17.3 17.32 17.3
‘ MAXIMUM= . 17.3 C.F.5.
15 SDEPTH= 41.97 STMp= 9,13
16 AM 17.4 11.4 17.4
PM 17.3 L7.4 17.4
MAXIMUM= 17.3 C.f.S.
16 SDEPTH= 4l.11 STMD= .13
17 aAmM 17.4 L7.4% 17.4
PM 17.4 17.4 17.4
MAX [HUM= 17.4 C.F.S.
17 SDEPTH= 41.61 STMD= 0D.12
18 AM 17.5 17.5 17.5
PM 17.5 1745 17.5
MAXIMUM= 17.5 C.F.5.
18 SDEPTH= 4l.%2 ST¥D= 9,13
19 AM 17.5 17.5 17.5
PM 17.5 17.5 17.5
MAX IMyM= 17.5 C.F.5.
19 SDEPTH= 41.57 STHn= 7,13
20 A 17.6 17.6 17.45
PM 17.6 17.6 t7.6
MAXIMUM= 17.6 CuF.s,
20  SDfPTH= 41.48 STMD= 3,13
21 am 17.7 17.7 17.7
PM 17.7 17.7 17.7
MAX IMUM= 17.6 CoFaS.

21 SDERTH= 41.49 S5TMO= .13

17.2

17.2 17.2
17.2 17.2 17.2
TIME  11.15 A.M.
SAX= 15.07  TANSH=
17.2 17.2 17.2
17.2 17.2 17.2
TI14E 11.15 a.M.
SAX= 15.00 TANSM=
17.3 17.3 17.2
17.3 17,3 17.3
TIME  11.15 A.M.
SAX= 15.00 TANSM=
17.3 - 17.3 17.3
17.3 17.3 17.3
TIME  11.15 A.M.
SAX= 15,00 TANSM=
17.4 17.4 17.4
7.4 17.4% 7.4
TIME  11.15 A.M.
SAX= 15.02  TANSM=
17.4 17.4 17.4
17.4 17.4 17.4
TIME  11.15 A.M.
SAX= 15.00 TANSM=
17.5 17.5 17.5
17.5 17.5 17.5
TIME  11.15 A.M.
SAX= 15.00 TANSM=
. 17.5 17.5 7.5
17.6 17.6 17.6
TIME 11,15 A.m,
SAX= 15.00 TANSM=
17.6 17.6 17.6
17.6 17,6 17.6
TIME 11.15 A.M.
SAX= 15.00 TANSM=
17.7 17.7 17.7
17.7 17.7 17.7
TIME  11.15 A.M.
SAX= 15,00 TANSM=

Jeal

.41

0.43

Oek3

Dat

I~

D.42

Oed2

J.42

De42

SPLw=

17.2
17.2

SPLH=

17.3
1744

17.3
17.%

-
_[?.7

17.2

17.2

17.3_ .

17.3

17.4

174

17.5

17.5

17.6

17.7
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29 [EE 2 .

CYTLT.

A I S S

AM_ 17,1 17.1 177 17.7 .17.7 17.1 17.7  .11.7 _ 1T.7 R
C_PM_ . 17.1...  17.1 17.1 17.8 17.8 . 17.8 17.8 17.8 17.8 17.8 17.8 17.8  17.7
T _MAXIMUM= . _ 17.7. C.FaSae _ TIME  11.15 . A M. o
___ZZWQSDEBIHﬁ*mﬁﬁlmllm-STMH* 012 SAX= 15.00 _TANSM= 0,41 SPLM=_ 0.07 .. . . —
23 AM 17.8°  17.8 17.8 17.8 17.8 17.8 17.8 17.8  17.8 17.8 17.8 17.8
pM V7.8 17.8_ __ 17.8. . 12.8  _17-8 . 17.8 1708  _17a9_ 17.9.__ 17.9 _ 17.9 17.9 17.8_
MAXEMUM=  17.B. CaFaSe  TIME  11.15 _A.M. , , T
23 _SDEPTH= .. 41.49 STMD= .0.13 SAX= 15.00 TANSM=__0.41 SPLW= .0.07 . . )
26 AML P 17,9 . 17.9 . 17.9  17.9  17.9 - 17.9 17.9 . 17.9  17. 17.9 _ 17.9  17.9-
P 1749 - 1749 17.9 17.9 17.9  17.9 17.9 - . 17.9  17.9 17.9 . °17.9 © . 17.9-  17.9
T AN 1708 coee. L tee - 1io15 Ao, . : RS o i
.24 _SDEPTH= _ 42.14 SIMD=_ 0.13 SAX= 15.00 . TANSM= SPLK=. 0.07 _
- 17.9 17.9 _ 1?:5MAmMi1;§mJﬁrfi:é C1T.9. 17.9 __17.9 . 17.9. 17.2 17.9 ”:17;§: .
L1749 - 18.0 . 18.0 - 18.0. 18,0 18,0 18.0  18.0 18.0  18.0 ~ 18.0 18.0 . 18.0
MAXIMUM= . 17.9 CoF.S. TIME  LE.15  AJM. . - - - ,
SHEPTH= 42,97 STMD= 0.17 _SAX= 15.00. TANSM=  0.43  SPLUW= _0.07... . . _
26 AM_____18.0 _ 1R.0 18,0 ... 18.0 . _ 180 _ 180 1B.0._ 18.0_ _18.0 . _18.0 . 18.0 . _18.0
PM___ 18.0 _ 1840 .  1B.D 18.0 18.1 . 18.1 18,1 18.1 r8.1 __18.1 18.1 18.1 18,0 ~
T ST MAXIMUME | 18.0  C.FlS. TIME  11.15.. AuM. . - . . . T ' ‘ R
26 SDEPTH=  42.84 STMD=: 0.13 SAX= 15.00 TANSM= 0.43 SOLW= 0,07
- e - - - e e+ e e e = . e e
27 AM_._ _18.1 . 18.1 18.1 18.1 18.1 18. 1 . 18.1 18.1 18.1 18.1  .18.1 18.1 .
i pM 18.1 L8.1 I8, 18,1 . 18.1 . 18.1 . 18.2 . 18.2. ._1B.2 . 18.2 _.18.2 _ 18.2 . 18.1_.
:snx= 15.00 ThNSKz 10,43 SPLWE. 0.07

8.2 18,2 Lﬁ.zw m_1a¢2_______LalzuAAA13 2. 1B.2 18,2 . 1822 8.2 .
e 8.2 18.2 18.2 | 18.2 18,2 ..18.2 18.2.. . 18.2 18.2  18.3 18.3 18.3 18.2
e MAXIMUM= ___18.2_ C.F.S TIME . 11.15 _A.M. - e —
DEPTH= 45,33 STMD=  0.12 SAX= 15.00  TANSM= Q.&ﬁ SELK_W Qlﬁlvw_".“ — e
29 A T8.3 . 18.3 18,3 18.3 18.3 18.3 oo18.3 18.3 18.3 18.2 18,2 18,2
. PM. 18.3 E8.3...  18.3  _18.3 18.3 1R.3 1843 18.3. . 18.3 18,3 _18.3 _._18.3  18.3
MAX IMUM= 1B.2 C.F.S. TIME  11.15 A.M,
o298 SDERTH= . 45.30 STMD= 0.12 SAX= 15.00 . TANSM=_ 0.45 SPLW= 0.07
30 - AM 18.3 18.3 18.3 18.3 18:3 18.3 1R.2 18.3 18.3 18.3 18.3 12,3
M 16.3 18.3 18.4 18,4 1B.4 18.4 18.4 18,4 18.4 18.4 18.4 18.4 LB.4
- —— MAXTMUM=_. 18,3 C.F.S5.. . TIME _11.15 _AuMo . . T
30 SDEPTH= 45,25 STMD= D.13 SAX= 15.00 TANSM= 0.45 SPLW= 0.07
31 AM._. 18.4 18.5% 18.4 184 . 1Bed .. 1Ba% . 1844 __18.4___ 18.4 184 __18.4 . _1B.4%... . . ..
COLTPH L LBa4 0 18,4 EB.4 18.5 12.5 18.5 18.5 18.5 18.5 18.5 18.5 "1B.5 18.4
MAXTMUM= 18.4 C.F. s. CTIME - 11a35eheby—
___31__5352155_ £5.17 STMD=. (.13 SAX= 15.00. TANSM= 0.45 SPLW= 0.07
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FEBRUARY
1AM
P

!
Zz A
284

2
3 AM
oM

3
4 AM
PN

4
5 A
P

5
6 AM
P M

o
7 AM
P

7
BOAM
PM

s vl
k4

1¢£,5 t3.5 12,35
18,5 13.5 13.5
MAX T M= 19.5 TaFLS.
SMEPTH= 45023 STw3= ).
13.4 18.6 14,6
1%.4 L. 0 14,45
MAX{MUM= 18.6 C(.F.5.
SOEPTH= 45,31 STun= Yalz
18,7 18,7 18,1
18.7 13.7 18,7
MAX TMyM= 18.7 C.¥.5,
SNEPTH= 44,93 STa0= ),12
18.8 18.8 18,4
18.8 15.3 18,8
MAR TMUM= 1R .R CeFada
SUEPTH= 44484 ST¥D= J.13
18.9 18.9 18.9
9.9 13.9 18, 3
MAX )4 = 1840 CeFa5,
STEPTH= 49,972 S5Twh= 3,13
18.¢% 1.2 18.9
18,9 19.0 15.0
MAX IM M= A5.9  LaF.5.
SHEP TH= 49,492 STab= )1z
19.9 19.9 19,9
19.0 19.) 19.1
MAX I ™M= 19.0 CeFuS,
SNEPTH= 49, 14 S5TAD= 3,12
i9.1 J R} 19,1
1G,1 19,1 19,2
MAX MU= 19.) C.F.S,.
R SNEPTH= N, 6H S1MD= Jal2
16,2 17,72 19,7
19.2 15,2 19,2
MAX [ AUYM= 19,2 ©,F.5.
SAEPTH= 49,70 STMiz 3,14

A

13.5
18.5

T {5
SAX=

18,7
18.7
TIME
SAX=

1B.8
t9.8
TIWC
S5AX=

18,9
13.9
Ti4r
SAX=

15.9
13.G
TIME
SAX=

19.0
1941
TImE
SAXK=

19,1
13,2
TIME
SAX=

15.7
13.7
TIME
SAX=

Reproduced from
be; available copy.

La.5 L&a5
L. 5 18.6
11,15 A.m,
15,00 TANSM=
1.6 18,6
19.4 8.6
11415 AuM.
15,00 TANSM=
1.7 12.7
18.7 18.7
11.15  a.M,
15.00 TANSM=
18.8 18.8
18.8 18,38
1E.15 AoM,

15.00 TANSM=

15.9
13,73
il.15

1.0
13,9
A,

12,00 TANSM=

16.9 18,9
19.0 19.0
11.15 a.M,
14,00 TAMNSM=
19,0 19,0
14,1 19,1
L1.15  a.m,
15,00  TANSM=
9.1 19.1
19,2 19,2
L1.15  A,H,

15.3) TANSM=

12,2
10,2
il.15

19,7
15.3
Ao,

14,00 TANSHM=

g At

O.4a49

by

Ny 4

0.51

18,5
18.6

18,6
13.7

i
T
. »

o |

18,7
18.8

18,7

12,9

18. 2

1G.n

19'0
19.1

18,

w

18.6

ta,.7

18,9

1a

19.1
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- 10, AM 193 0 19,3 0 19.3  _19.3 ___19.3_ _19.3 . . 1943 19.3 19.3 19.3 1942 - 1943

PM. _ . 19,3, 19.3 19.3 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19. 4 19.3
e — MAX IMUM= . _19.3 CeFaS... TIME 1115 A.M. . : : P
10 SOEPTH=  49.63 STMD= 0,13 _ SAXz 15.00  TANSM=. 0.51 . SPLW= _0.07 ... : Ce - e
11 amM 19.4 19.4 19.4 19.4 19.4 19.4 19,4 19.4 19.4 19.4 19.4 - 19.4
e PV 194 19.4. 0 19.4 = 1%.4 __ 19.5 19.%. _ .. 19.5 19.5 . 19,5 19.5 . 19.5 18,5 19,4
.- MAX I MUM= 194 Cu.F.S. TIME 11.15 A.M. X
i1l USDEPTHS. o 49456 STMD=  3.13 . SAX= 15.00 TANSM= 0.5! SPLW=. 0.07
12 AM - 19.5 19.5 19.5 19.5 19.5  19.5 19.5 _ 19.5 19,5 19.5 19.5  19.5 _
' PM 19.5 19.5 19.5 19.5 19.5 19.6 19.6 19.6 19.6 19.6° ° 19.6 19,6 - 19.5 -
MAX ¥ MUM= 19.9 Caf.Sa TIME 13,15  AuMa SO
12 _SDEPTH= 49.48 STMDO= 0413 SAX= 15.00 TANSM=  0.51 SPLW= D0.07 R - . S -
12 AM 19.6 19.6 19.6 19.6 19.6 19.6 13.6 19.6 19.6 19.6 19, a 19.6 . ] .
' TPM - 1946 - 19.6 0 19.6 19.6 19.6 19.7 19.7 - 19.7 19.7  19.7 - _19.7 19.7 . 1916
HAX EMUM= 19.6 CaF.5. TIME 11,15 A.M, ' 'j : ’ )
13 SDEPTH= 5G.91 STMD= . 0.13  SAX= 15.00 TANSM= _0.53_ SPiW= _9.07_ _ _ _ _ e
L léo_AM. . 19,7 _ 19.7 19.7 159.7 18.7 . .19.7T. 19.7 . 19.7 19.7 19.7 19,7 19.7 .. ... ..
PM 19.7 19.7 19.7 19.7 LagL___4343__Hﬁﬁ1m19LB____L&La_#*w19 B __19.8 19,8 _._. 19.8 19,7
O L MAXTMUM= -7 19,7 Cl.F.5. - TEME 11.15 . A.M. . . » : . C e
: 14 SDEPTH= 50,84 STMD= 0.13 SAX= 15,00 TANSM=- 0.52 S$PLW= 0.07 o -
15 aAM 19,8 19.8 19.48 19.8 19.8 19.8 19.8 19.8B 19.8 19.8 19.8. 19.8
- PH - 19.8 19.8 19.8 19.8 19.8 19.8 " 19.9 19.9 19,9 . 19.9 19.9 19.9 .7 19.8 .
Co L . ._MAXTMuM=_ ] 19.8_ C.FeS.  TIME__ 11.15 AM. - P _
Mu:__iu.u_ = AX=_15.00 TANSM=_-0.52  SPLWs 0.07 . _ _ S ;
16 AM 19.9 19.9 19.9 19.9 19.9 19.9 19.9 -7"19,9 19.9 19.9 19.9. 19.9 e
PM 19.9 19.9 19.9 19.9 19.9 19.9 20.0 20.0 20.0 20.0 20,0 20.0 19,9
MAX TMUM= 19.9 C.F.5. TIME 11.15 A.M. :
__Lﬁ_“;llEE_I_I—I: 5Q-61 STMND= 013 SAX= ‘lﬁ an TANSM=, n 2. __SPLH= .07 e e
LY AM L 200  20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
(21 20.0 20.0 20.0 20,0 .. 20.0 . 20.00_ ... 2001 20.1. 20.1 . 20.1. 20.1 201 1 _20.0°
e MAXTMUM= 20.0 C.Fa.3. TIME 11.15  ALM. . . . )
L7 _SDEPTH=. 50,42 STMD= 0.13 SAX= 15.00 TANSM= 0.52 SPLW= (.07
18, AM 20.1 ~ 20.1 20.1 2041 2041 20.1 20.1 2041 20.1 20.1 20.1 20,1
PM 20.1 23.1 20.1 20.1 20.1 20.1 20.2 20.2 20,7 20.2 0.2 70.2 2041
R MA X T MUM= 20l _CL.E.Se_. __TIME . 11.15. A.M.. ) X . )

~-LB _SDEPTH= . 49.82 STMD=  J.12 SAX= 15.00 TANSM= (.46 SPLW= 0.07

19 AM 20,2 2002 2002 20u2___20,2.. 20.2.... . .20.2 _20.2 .. 20.2  20.2 S20e2. 20020 . L
M 20.2 7 20.2 20,2 20.2 20.2 20.2 20.3 20.3 20.2 20,3 20.3 20.3 20a.2
MAXIMUM= - 20.2 C.F.S. TIME 15 AM. T T 0 - i

——19 _SDEPTH=._ %9.27 . STMD=__0.13 . SAX= 15.00. TANSM= (.45 SPLW= 0.07
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2T AN P EAR £Ja3
Pk 19.¢ | P 19,2
MAX TMUM= 19.7 C.F,S5.
20 SDLPTH= 45,83 £TMD= .14
21 am P 2.2 20,7
Pi4 2.1 23.1 2041
MAX TMUY= 2dal CaFe3.
21 SDEPTH= 45.32 STMD= D.14
22 A 20a.1 20.1 20.1
P 2042 207 20.2
MAR T MM = ?0.0 LaFa.S.
22 SULPTH= .0l STHD= 314
23 AM 20,0 2040 20.0
PM 19.4 13.9 2344
MAX [ MUY= 19.6 L.F.5.
23 SDEPTH= %. 3D ST¥D= ¥,14
24 AN 20,0 2343 20.0
P 2.9 20,2 22.7
MAX I M= 2740 LeFasa
&4  SDEPTH= 44,21 STvD= .14
25 AM 2040 2)a) 2.7
P 20.0 2040 7041
MAX TMUM= 0.0 €CLF.S.
25 SDEPTH= 4357 STMD=  D.lL
26 A 23a1 2U.l 27.1
PM 20.1 2041 20a2
MAX TMUM= 2021 CaF.5.
26  SNEPTH= 46,21 STHMN= .18
27  Am 2042 23,7 27,7
P M 20.2 0,2 233
HAX TMUM = 23,72 [abuS.
2T SUGEPTH= 46. 14 5TMNO= D.16
e AM 2743 203 U, 3
SR R E P P Ve
FAXT M= o A
Z8  SNEPTH= 4t , TR ST¥M= J. 14

g I

19,8
TIME
S54XK=

2.2
201
TIvE
SAX=

29.0

20,0
T1ME

. SAX=

20.0
20,9
TIHE
SAX=

20.0
23.0
TIME
SAX=

20,32
?0.1
TIME
SAX=

2341
20.2
TIME
SAX=

2042
20,7
TI4E
SAX=

20.4
204
True
GAX=

221,12 29,7
Lo, & 19.8
11,15  A.M,
15.00 TANSM=
202 20,2
271 2041
1115 AL,
15.00 TANSM=
20.0 20.0
20.0 0.0
11415 A.M,
15,00 TANSM=
20.0 20.0
29,0 28.0
11.15 A.M,
15,00 TAMSM=
20.0 20.0
20,0 20,0
LL.15 AL,
15,20 TANSM=
23.9 23.0
20.1 20.1
11.15 A.M.
12,00 TAMSM=
20.1 20.1
20,2 20.2
11,15 Aum,
11.00 TANSM=
2042 20,7
207 20,3
11.15 Aa.M,
17,00 TANSM=
2044 20,4
Akt 2a.4
|1 S TR R
13,79 TAuSM:

D.95

D.21

0.25

0.3%

e

-
L

0,52

0.56

N.50

eproduced from

tez available copy-
2.7 3503 107
19.8  19.8  20.3
SPLW=  $.07
23.2 20.2 20'[
Z20.1 20.1 50.1
SPLW= 0.07
20.0 20.0 20.0
20..0 20.0 20.0
Sulw=  D.07
200 20.0 19.9
22.0  20.0  20.0
SPLW= .07
20.0 20.0 50.0
20.0 20.0 20.0
SPL W= 1,07
20,0 20.0  29.9
20.1 20.1 20.1
SPL W= 0.07
a2n,1 20.1 s0.
2.2 20.2 502
SPLW= 0.07
23-2 20.2 ?0.2
7343 20.3 20,3
SPL 4= 0.07
23 2043 20.3
2,4 21,4 23,4
SElLw= .07

20.1
20.1

20.0
20.0

20.1
20.2

20.7
7047

19.¢@
2N.n

20,0
20,1

20,2
2.5

20.1

20.0

20.0

ERAPE



T

MARCM o .

I AM 29.5 29.5 2745 2%.5% 20.5 20.5 20.5 20.5 20,5
M 20.5 0.5 27.5 20.5 20.5  20.5 20.6 20.6 20.6
MAX THMUM= 20,5 C.E.S. TIME 11.15 A.M,
~oee— - SDEPTH= . .4&6.31 57T40= 0glé  SAX= 14,00 _TANSM=_ 0,58 SPLw= . Q.07
2 AM 20.6 20.6 20.6 20.6 2046 20.6 20.6 20.6 20.6
.- pM 20.6 2D, _ 2046 20u6 . 20,7 .. _20.7 . . .._20.7 . 20.7... 20.7
e _MAXIMUM=. . 2046  CueFeSe TIME 11.15 A.M. X
w——-Z. SDERTH=__ 45.93 STMD= . 0.16  SAX= 15.00 TANSM= 0.58 .5PLW= 0.07
3. AM 20.7 20.7 20.7 20.7 20,7  20.7 - 207 20.7 20471
PM 20.7 7 20.7 20.8 20.8 20.8 20.8 20.8 20.8 20.8
MAXTMUM= 20.7 CaFaba ~XIME  _1l.15 ALM. . _
o 3. SDEPTHz . 45,85 STMD= _0.16 SAX= 15.00 TANSM= 0.58 SPLW= 0,07
4 _AM 20.9 20.9 20.9 209 . 20,9 __20.9. . __ 20,9 __20.9. . 20.9 .
’ P 20.9 20.9 2049 20.9 20.9 20.9 2%.9 21.0 21.0
MAX I MUM= 20.8 C.F.S. TIME 11.15 A.M, o
4 SDEPTH= 45.77. 5TMD= 0,16 _SAX= 15,00 . JAMSM=. 0.58 _SPLMs 0.0T . .
.5 AM S 21.0. .. 21.0 2L.0 21.0 . 21.0  _21.0 21.9 2140 21.0
e BM L 2lad L 21e0 o 21a0 20,0 . 20.1 . 2V.1l .. _2)1.1 . __21.1... 21.1
) MA X TMUM= 21.0 C.F,S. " TIME 11.15 A M, -
5 - SNEPTH= 48.61 STMD= 0.15 SAX= 15,00 TANSM= 0,59 SPLW= 0.07
L6 AM. L 21.1_  21.1 21.1 S21.1 21.1. 21.1 21.1 21.1 21.1
e BB 20 ek 2101 2Lle2.. (2la2 ... 21e2 . 21.2 . .. 21.2  71.2 21.2
MAX IMUM= 21a) __L[aFE.5. TIME 11.1% __AuM, — et
6 SDEPTH= = 48.53 STMD= 0.15  SAX= 15.00 TANSM= 0.59 SPLu= 0.07
ST AM. V.2 21a2 21.2 2142 21.2 . 21eZ._ _ . 21.2 21,2 .. 21.2
.. PM. 21.2 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3
e MAXTMUM=._ . 2142, CoF.S,., . _ TIME  11.15 A M. :
7 _SDEPTH= 50,81 _SIMD= . 0.1b_ SAX= 15,00 _TANSM= _0.61 SPLW= _0.07 .
B AM 21l.4 2l.4% 21l.4 21l.4 21,4 21.4 2t.4 21.4 21l.4
——PM_ . 21af . 21eG. . 21la4 Zlat% 2l.4 2l.4 21.5 21.5 ?1.5
MAXTMUM= 21.4 CofFaSa TIME 11.15 A.M,
8 SDEPTH= 50472 STMD=  D.15 SAX= 15,00 TANSM= 0,61 SPid=  0.07
9 AM 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5
M 21.5 21.5 21.5 21.6 ?21.6 21.6 21.6 21.6 21.6
L MAXIMUME . 21.5 C.FaS.. TIME | 11.15 . .A.M. )
9 SDEPTH= 52.48 STMD=  J.15 SAX= 14,00 TANSM= 0,53 SPLW=  ).07

20.5  20.5 20.5

29.6  20.6 20.6 20,5
20,6  20.6  20.6 ,
20.7.  .20.1 __.20.7 __20.6 .
20.7  20.7  20.7
20.8  20.8  20.8  20.8
20.9 .___20.8 __ 20.8
21.0  21.0 . 21.0  20.9
21.0  21.9  21.0

_21.d . 211 21.1 2140

S 21.1 2101 2te1 .

L21.2 . .21.2  _7l.2 . 21.2
21.2 2la2  2Y.2. .
21.4  21.4 . 21.4 _ 21.3
214 21.4  21.4
21.5  21.5  21.5  _21.4
21.5  21.5  21.5
21.6 2146 21.6  21.5
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oduced from
Egg{ available copY

— e —_——

10 A 2l.6 21, ¢ 2l.a 21lats 2lab 2l.6 2l.6 21.6 21.6 21.6 2l.5 2146 :
Py 21.6 21.5 21.7 21.7 21.7 21.7 1.7 71.7 21.7 21.7 21.7 21.7 21le7
MAX IMUM= Tled CaFa5. TIME 11,15  Aum,
19 SDEPTH= 52.32  5TY%= 0015 S5AX= 15.00 TANSM= 0.63 SO0LW= 0,07
11 Am 21.3 21.8 Pla.a 1.8 2l.8 2l.8 21.8 21.8 21.7 21.7 21.7 21.7
Py 2l.3 21.8 21.3 2l.9 2l.8 21.8 2l.8 21.8 21.9 21.9 21.9 21.9 21.8
MK [ MyM= 2Fal CLF.S5. TI4F 11.15 A.M,
1Y SREPTH= 2449 SI¥D= 9017 SAd= 15,00 TARSM=  0,5% Splws  0.07
12 A% 2.7 21.6 21e 2le 2le9 21.¢9 21.9 21.9 21.9 21.9 21.9 . 21.9
PN 21.9 2L.9 2l. ZLa9 21.9 22.0 22.0 22.0 22.0 22.0 22.0 272.0 21.9
AAX TMUM= 2L.7 C.F.5. T1ME 11.15 A.M. ‘ -
12 SDEPTH= 52.40  S5TMD= 3,15 SAXe 15.00 TANSM= 0.64 SPLW=  0.07
13 AM 22.0 22.0 22.0 . 22.0 22.0 22.0 2 22.0 22.0 22.0 22.0 22,0
P 2242 22,9 22,3 7.0 2241 22.1 72.1 Z2.1 22.1 27,1 22.1 22.1 22.0
MAX IMUM= 22.7 L.Fua,. TIME 11415 A.M.
I3 SDEPTH= 52430 &TMn= 2,15  SAX= 15.00 TANSM: 0.54 SPLW= 0.07 . e B
14 am 22.1 22.1 272.1 22.1 22.1 22.1 221 22.1 ?22.1 27.1 22.1 22.1
PM 221 22.1 22.2 22,2 22.2 22,7 2742 72.2 22,2 22.7 22.2 2.2 22,7
MAXTMUM= 22.1  Cafas. TIMF 11,15 AuM,
14  HUEPTH= S5.36  5TH= D.1% SAK= 14.D9  TANSM= 0,46 SPLw= .07
15 AW 27.7 22,2 P2.2 2.1 22,2 2.2 22,2 22.2 P2.2 2242 22,7 22.2
PN 22.2 2243 27.3 22.3 22,3 22.13 T27.3 22.3 27.3 22.4 22.4 22.4 22.2
MAX TMUM= 22.2 {.F,.S. TIMF 11.15 A.M,
15 SOEPTH= 55.82  5i8D= 315 SAME 14,00 TANSK= 0,66 SPLH=  0.07
16 AM 2244 22.4 22a4% 224 22.4 22,4 22.4 22.4 22.4 22e% 22.5% - 22.3 .
(2] 22.4 22.4 22.% 2244 22.4 22.4 2%.4 22.5 22.5 22.5 22.5 22.% 22.4
MAXIMUM= - 22,4 G .F.5. TIME il.15 A.M.
16 SOEPTH= 5P, 11 STHMD= Q.16 SAX= 12.00 TANSM= 0.69 SPLW= 0.07
17 AMm 22.5 22.5 22.5 22,5 22.5 22.5 272.9 22.5% 22.5 22.5 22.5 22.5
pu 22.5 22.5 22.5 22,5 22.8 22.t 22.6 22.6 22.6 22.6 22.6 22.6 22.5
MAX TM{jM= 22,9 CoF.5. TIME 11.15 A.M,
17 SDEPTH= 583,02 STHD= 0,16 SAX= 13.00 TANSM= 3.71 S9LR= 0.07
I8 AM 22.6 22.8 22.4 22.0 22.6 22.6 22.6 22.6 2245 22.6 2246 22.6
oM 22,0 27.0 22,56 22,7 22.7 22.7 22.7 22.7 22.7 22.7 22,7 22.7 2.6
LS g I 22.6 LafeSa TLML 11.15  A.M.
18 57 epTH= 544570 STMD= Ji14 SAX= 17,00 TAKSM=  0.73  SPLW=  2.07
19 am 22.1 22.7 22,7 22,7 F 2.7 22.7 22.7 2247 22.7 27,7 2.7
P 22,7 22,7 2244 22.5 27.8 22.8 22.8 22.8 22.8 22.8 228 22.%8 22.8
MAXTMLM= 22e7  UeF.3. TIvF 11.15  A.M,
1% SDEPTH= 58.41 5IMD= 3.16  SAX= 14.3) TANSM= 0.72 SOLws Je 7



iZ2-g

-

9 22.9

20 AM 22.8 22.8 22. 22.9 22.8
—— PM ... _ 22.8 22.9 22.89. 22.9 22.9 . .22.9
MAX TMUM= 22.8 C.F.5. TIME 11.15 AJM.
20 SDEPTH= 58,23 STMD=z 0.16 SAX= 15.00 TANSM=
21 AM 23,0 23,0 23.0 23.0 23.0 23.0
PM 23.0 23.0 Z23.0 23.0 23.0 23.0
. . . MAXIMUM= 22.9 C.F.5. . TIME 11.15  ALM,
21 SDEPTH= 57.84 S5T#D= 0O.16 SAX= 15.00 TANSM=
22 ___AM 23.1 23,1 23.1- __23.1. .. 23.1 23.1
o ]| 23.1 23.1 23.1 23.1 2341 23.1
MAX [ MUM:= 23.1 C.fF.S. TIME 1115 A.M.
— 22 SDFPTH=_ 56,71 STMO=_ 0.17 _SAX= 14.00_ TANSM=
23 L AM. ... .23.2 . 23,2 23.2 . . 23.2 .. .23.2 23.2
PM 23,2 23,2.. . 23.2 232 23,2 __23.3 _
MAX I MUM= 23.2 C.F.5. - TIME 11.15 A.M,
23 SNEPTH= 56,51 STMD= (.17 SAX= 15.00 TANSM=
24 AM 23.3 23.3 23.3 23.3 23,3 23.3
PM . 23.3 23.3 . 23.3. 23.3 3.4 23.4
e MAXIMUM= 23,3 (L F.S5.  __ IIME  11.15 _A.M.
24 SDEPTH= 56.15 STMD=  0.17 SAX= 15,00 TANSM=
25 AN L 2304 0 _23.4.. _23.4. . 23.% 234, 2304
PHM 23.4 23.4 23.4 23.5 23.5 23.5
MAX IMUM= 23.4 CuFaS. TIME 11.15 A.M.
25 SNFPTH= 55,84 SIMD= 0,17  SAX= 15.00._ TANSM=_ 0.556__ SPLH=
26 AM 23.5 23.% 23.5 23.5 23.5 23.%
- 2M 23.5 23.5 .. 23.5 23,6 . 23.6 . 23.6
MAX TMUM= 23.5 (.Fu.5. . TIME 11.15  A.M,
26 SDEPTH= 56.00 STMD= 0,17 SAX= 15.00 TANSM=
2T AM . 23,60 2306 .. 23.6 . .23.8 | 23.6... 23.6
PM 23.6 23.6 23.7 23.7 23.7 23.17
MAX I MUM= 23.6 C.F.S. TIME I1.15 ALM,
27 SDEPTH= 55.91 STMD= 0.17 SAX= 15,00 TANSM=
28 _AM 23,7 23.71 23,1 __23.7 . 23.7._.23.1
PM 23.7 23.7 23.8 23.48 23.8 23.8
. MAXTMUM= ©  23.7 C.F.S5. TIME li.15 A.M,
— 28 _SDEPTH=_. _57.34 SIMO= O.l8 _ SAX= 12.00 TANSM=
29 . AM 23.8 23.8 23.8 23.5 23.18 23.8
PM 23.8 23.3... 23.72 _ . 23.9 23.9  _.23.9
MAXIMUM= 23.83 C.F.S. TIME 11.15 A.M,
29 SDEPTH= $T.18 S5TMD= Q.18 SAX= 13.00 TANSM=

0.65

0.71

d.58

. . 23.1 .

0.70 SPLH=

23,2

SPLW=

23,3
23.4

0.51 SPLW-

23.5

e 23,3

23.6 ..

23.0
23.1

23.1

23.2.

27.8
23.0 22.9
22.9 o
23.1 23.0
23.1 S
23.2 231
23.2
23.3 23.7
23,3 '
23,4 23.3
23.4 o
23,5 23.4
21,5
23.6 . 23,5
2306 T T
23,7 23,7
23.7
23.8 ?22.1
23.8
23.9. 23.9



ge-4

30 aAwM 23.9 2347 2349
P 23.%9 23,2 247
MARIMUM= 23.% C.F.5.
20 SDEPTH= 57.706 STMD= 9,13
31 AM 2440 24.0 24,0
oM 24410} 2440 2% 2
MAX I M= 24.0  CL.F.s.
AL SDEPTH= 5T.db  GTHD= J,1e
APRIL
1AM 24,1 2441 2441
o N 24,1 24,1 24,1
MAXTMUM= 24.1 L.F.5.
1 SDEPTH= 56.97 STMD=  J.18
2 AM 2442 24.2 24,2
M 2442 2442 2%4.2
MAXTMUM= 24.2 C.F.S.
Z SDEPRPTH= 60.1% STMD=  D).1%
3 AM 24.3 24,3 24.3
PM 24.3 24,3 2443
MAXTMUM= 24.3 CuF,.5.
3 SDEPTH= 60,05 STup= AR
4 AM 2% 0% 2.4 Z2ha%
oM 2% a4 2444 24
MAXIMUM= 24.4 C.F.S.
4 SREPTH= 67.64 STMD= 2,17
5 AM 24,5 2445 245
PM 24.5 24,5 2445
MAXTMUM= 24.5 CuF.5.
5 SDEPTH= 6&7.53  SiMD= 0,17
&AM 24.6 24.6 24.06
P 24,6 24,6 2445
MAX [ MUM= 24.6 CW.F.S.
6 SDEPTH= 67.35 STMD= 0,17
T AM 2447 24.7 2447
P 24,7 24,7 2hGT
MAXT Y= Zawen CLFL5.
T SDEPTH= 67.22 S5TMD= J.17
8 am 2449 2448 FE
P 247 4.8 2444
MAXTMUA= Pa.7 T F.5.
3 SDEPTH= £3.51  STMoI- ) e

23.73 23.9 23.90
Z2a.0 24.0 24.0
T[mi 11.15  A.M,
S5A%X= 14,00 TANSM=
2% ) 24,7 24.0
Zaal 24.1 2a.l
TI%E 11.15  A.»,
SAX= 15,00 TANSM=
24,1 24,1 24a1
4.2 24.2 2442
TIME 11.15 A.M,
SAX= 15,00 TANSM=
24,2 24,2 24.2
24.3 2443 24,3
TIMF 11.15 A.M,
SAX= 13,00 TANSM=
24,3 24.3 74.2
24,3 24.4 24 .4
TIME 11.15 A.M.
SAX= 14.00 TANSM=
2ha4 24,4 2.4
24.4 2a.4 24.5
TIME 11.15 A.M,
SAX= 10.00 TANSM=
24.5 2445 24.5
2445 24.5 24.5
TIME 11.15% A.M.
SAX= 11,00 TANSM=
24,5 24,6 24,6
Z4.6 2446 24 .5
TIME 11,15 A,
S5AX= 12,00 TANSM=
2447 24. T 24,7
4.7 24,7 2%.7
TiMe Li.15  Alw,
SAX= 13,30 Tawsw=
2.5 24,8 7448
2447 2445 24,8
T1Af- 11,15 a.Mm,
SAX= 2,00 TanSM=

J.69

<o
)

-
b

9. 74

Ja75

Q.77

J.78

0.80

.89

0.932

SPLW=

24,8
2449

SPLW=

26.0
L |

24.3
2hat

2440
2441

24 .6
24.8

LA

24.R

2445
2447

26,6
4.8

4.7
2448

24.4

2445

2446

24.8



SR AML L 2448 0 24.B 2448, 28,8 . 24.8B . 24.8 . 24.8 24.8 24.8 24.8. 2448 24.8 L
PM 24.8 24.8 24.9 24.9 ¢ 24.9 24.9 24,9 24.9 2449 24,9 4.9 26.9 24.9
MAX TMUM= 24.8 [.F.S. TIME 11.15 A.M,
9 SDEPTH=  68.31 STMD= 0.19 SAX= 9,00 TANSM=. 0,33 SPlW=z 0.07
10 AM L L D 24.9 L2449 . . 2449 . _24.9 .. 24.9. . 24.9 24.9 . 24.9 24.9 . 24.9 24.9 24.9
PM 24.9 24,9 24.9 25,0 25.0 25.0 ?25.0 25.0 25.0 ?5.0 25,0 ?5.0 26,9
, MAX I MUM= 24.9 CuFuSa TIME 11.15 a.M,
— L& _SDERPTH=._ . 6B8.20 _STMD=._ 0.19 SAX=.10.00  TANSM=_ 0.94 SPLW= 0.07
L1l -AM 25.0. 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 _ _
— . PM 25.0 25.0 28,0 25.0 28,0 . 25,% . ... 25.1 25.1 25.1 .. 25.1 25.1 25.1 ... .25,0 .
UM MAXIMUMST 25.0 C.F.$. TIME - 11.15" A.M, . : C
11 SDEPTH=  £9.12 STMD= 0.19 SAX=. 9,00 TANSM= 0.85 SPLW=- 3.07
JlZ L AML . 25,1 . .25.1 25.1......25,1 25.1 25.1 25.1 . 25.1 25.1 25.1 25.1 . 25.1
e BM L2841 25,1 254 .....25.1 25.1 . 25.1 . 25.2 25.2 . 25.2 25.2  25.7 25,2 25.1
e MA X [ MiM= 2521 L. F.S5.. TIME 11215 AaM. . . e e e R
k2 SDEPTHs . T1.00 STMD= . 0.19 SAX= 9.00 TANSM= 0.86 SPLW= 0.07 )
Y3 OAMT . 25.2 . 28,2 28,3 28,2 . 25.2 _.2%.2 . .. .28.2 25.2 .. 25.2 25,2 25.1 . 251 .
- . PM . 25.2. 25.2 . . .25.2 25.2 25.2 25,2 T25.2 25.2 25.2 25.3 25.3 2543 25,72,
e e MAXIMUMZ . 28,1  _CaFaSa . . TIME . 11.15 A.M.. o
_ —13 SDEPTH= 70,90  SIMD= . 0.1% _SAX=_10.00._ TANSM=_ _0.87  SPLW= _0.07 e e
z 14 AM - 25.3 2543 25.3 25,3, 25.3 25.3 25.2 25.2 24,3 24.3 24.72 254.2 o
(- e —BM_ 28,3 26,3 _24.3 24,3 . 24.3 _. 26,3 . _ 25,3 24.2 25.2. 25.2 . 25.1 25.1 24,7
v - ‘ MAXTMUM= © 24,2 C.F.5. TIME  11.15 A.™, : . ‘
- 14 SDERTH= _ 6Q.4)1 . STMO=  0.19 _SAXs 11.00°. TANSM= 0.69 SPLW= 0.07 .
13 . AN 25,1 25.1 25.0 25.0 25.0 24.9 2449 24.9 23.9 23.8 23.B2 - 23.m ‘
CPML L 2348 23.8 23,7 23.7 23.7 23.7 23.6 23.6 24.5 24.5 24,5 26.4 24,3
e MAXIMUM= . 23,8 - CuFlSe._ . TIME . 11.15 . A M. . . ) : S .. e
15 SDEPTH=  67.84 STMD=  0.20 SAX= '12.00 TANSM= (O.46 SPLKW= 0.07
YA AM 24,4 2434 243 24,3 242 26,2, . . 28,2 . 24.). . 23.1. . 23.1 .. 23.0. 2320 .. . ..
CPM. - 23,0 22.9 22.9 22.9 22.8 - 22.8 22.8 22.7 22,7 23.6 ?3.6 23.5 23.5
: S MAXTIMUM= - 23,0 C.F.S. TIME 11.15 A.M.
. L& _SDEPTH= . 66.42 STMD= 0.20 .SAX= 13.00 TANSM= 0.27 SPik= 0,07
17T AM 23.% 23.4 23.4% 23.3 23,1 23.3 23.2 ?3.2 2242 22.1 22.1 22,0
- . BPM . 22,0_ 22.0 21,9 2l.9 21.9 2l.1 2.4 21.7 2.6 22.6 P76 22.5 2.5
MA X IMUM= 22.1 (.F.S. TIME I1.15%  A.M. :
17 SDEPTH= 64,08  STMD=  0.21  SAX= 14.00 TANSM= 0.0' SOLWs 0.15
18 AM 22.5 22.4 22.4 22.3 22.3 222 22.2 22.2 21.1 21.1 21.0 21,0
M ~ 210 20.9 20.9 20.8 20.8 20.8 0.7 20.7 ?l.t 21.6 21.5 21.5 71.5

. _MAXIMUM=. . 21.0 . €.FuSe. . TIME  11.15 A.m. . S
18 SDEPTH= 62,15 STMD= 0.21 SAX= 15.00 TANSM= 0.03 SPLW= 0.35 : R



0e-4

19 AM 21l.4 2L 4% £la2
P 19,9 19.6 19.3
MAXITMUM= 20,0 CefFal.
1¢ SDEPTH= 670,30 STHD= 1,22
20 AM 2044 20.4 73.3
PM 18.9 18.9 13.8
AAX [MUM= 17.8 CaF.5,
25 EDEPTH= H9.72  ST¥a=s .27
21 AN 19.4 19.3 19.73
M 17.8 17.7 17.7
MAXTMUM= 12.6 C.F.S.
21 SDEPTH= 58.568 STMil=  D.22
22 AM 18.4 18.4% 18.3
P 1.8 16.8 1lo.7
MAX TMUM= 41.5 C.F.5.
72 SDEPTH= 57413 STMD= 3,22
23 AM 3.t 34,9 3l.9
PM 2247 22.6 2245
MAXTHUM= 39.0 C.F.5.
23 SDEPTH= 55.84 STMiy= .23
24 AM 35.7 33.4 Tleb
PM 25,7 25456 2%.5
MAXTIMUM= 36.5 Lafa5.
24 SLEPTH= Ba, T4  SiMD= 0,223
25 A 25.6 25.5 25.5
P 2447 2446 24,5
MAX IMUM= 25.7 C.F.5.
25 SDEPTH= 54.56 STMD=  (3.23
26 AM 24.0 23.9 23.9
PH 23.3 23.3 23.3
MAX IMUM= 24a0 LCa.FaS.
26 SDEPTH= 54425 STMD= 0,23
27 -AM 22.9 22.9 2248
PM 22.5 2.5 22e%
MAX L MM= 2.7 LeF.5.
27T STHPTH= 54,07 ~TMa= 3,23
28 AM 2242 22.2 22,2
M 22,0 22.0 2La
MAXTiUM= 22.2 C.F.S,
2% SDEPTH= 53.98 STMD= 3,23

21.3 21.3 ?la.2
19.8 19.8 19.7
TINME 11.15  Alm,
5A¥= 15,00 TANSM=
70,3 2042 20.7
13.48 1H.7 168.7
TIME 11.15  A.M.
SAXK= 15,30 TANSM=
19.73 19.2 19.2.
17.6 17.6 17.6
TIME 5.15 P.M.
SaAX= 15,00 TAMNSM=
18.13 18.3 18.2
172 18.3 20.5
TiME 10.45 P.M,
SAX= 15,00 TANSM=
79.5 27.8 2647
22.3 L 22.9 2443
TImg 0.15 A.Mm,
SAX=-15.00 TANSM=
A0.3 29.4 28,7
25.4 2543 25.2
TIME 0a15 A.M.
SAX= 15.00 TANSM=
25.4% 25,3 25.2
2445 24,4 2444
TIME D.15 A.p,
SAX= 15.00 TANSM=
23.8 23.8 23.7
23.2 23.2 23,1
TIME 0.15 A.M.
SAX= 1%.00 TANSM=
22.8 22.7 22.7
22.4 274 2244
TIME 0.1%  A.Ma
SAX= 153.00 TAnSH=
2242 22.1 22.1
21.9 2l.9 21.9
TIME Gual5 A.M,
SAX= 15.0U0 TANSM=

Da0%

0.03

0.01

Ga23

P

D.42

SPL K=

el

2041
18.6

0.48

16.9
39.13

23.3

36.1

22.0

21.9

20,0
20.%

24,8

0.4

19.4

18.4

221

279

L.

27a

23.4

22.0



— .29 AWM . . 21.8. . 21.8 21.8 21.8 21.8 21.8 21.8 21.48

— PM_ 21.F 217 21.7 21.7 . 2l.7. _21.7 . -~ 21.7 21.7
MAX [MUM= 21.9 C,.F,S5. FIME 0.15 A.M.
29 SDEPTH= 54.24 STMD= 0.24 SAX= 15.00 TANSM= 0.07 SPLW=  D.51
30 AM 21.8 21.3 21.8 21a8 21.3 21.8 2L.7 21.7
-. PM 20.6 2046 20.6 2345 2346 2046 2048 20.6
—_ e —— - MAXTMUM=_ 218, CaFuS.. _ _ TIME 3.15 A.M.
30 SOEPTH= 54.92 STMD= 0.24 SAX= 15,00 TANSM= 0.0R SPLW= 0.51
HAY
1 AM 2l.6 21.8 22 D 22.1 22.3 22.4 22.6 22.7
P—— - N - . I 23.4 23.5 23.6 .23.8 23.9 24.0 24.1
HAK[MU&_ 23.0  CuF,Se. . . TIME. 1lalB. _AaMa .. . ___ . ...
1 SDEPTH= S54.44 STMD= 0,24 SAX= 15.00 TANSM= 0.19 SPLWN= 0,51
2 AN 264.5 24,6 Pa.b  24.7. . 24.T. . _25.8 - 2%4.8 . 24.9
M 23.8 23.9 24,0 24,0 24.1 24.1 24,1 24.1
- MAXIMUM= | 23,7 . €CuF.5. TIME 11.15 A.M,
SNEPTH= 53.30 STMD=_0.25_ SAX=s 15,00 TANSM=_ D.0&_. SPLW=  0.51
-3 AM 25.3 25.3 25.3 235.3 25.2 25,2 25.2 25.2
e PM 23,8 23.8 . 23.8_ _23.8. 24,0 _25.6. 27.6 . 30.8
T S MAXIMyM= 44 .6 C.F.S5. TIME 11.45 P.M.

L 3 SDEPTH= 51.89 STMD=  02.25 SAX= 15.00  TANSM=  0.03 SPLW=  0.50
ar e — e e e e e+ e e L e — .
i 4  AM 43.5 4l.4 _38.9 iv.o 35, 6 34,6 : 33 g 33. 4

M 30.8 32.6 36.3 42.2 50.5 61.3 T4.3 86.8
MAXTMUM= = }05.T7 C.F.S5. . . IIME 10.45 P.M. oL
4 SDEPTH= 49.82 S5TMD= 0025 SAX= 15,00 TANSM=. 0,01 SPLu= 0.49
5 AM 101.3 " 96.6 9.5 - 87.0_ 83,4 _80.8 __ _ T8.8° 77.3_
- PM T2.1 . I5.0 . 79.5 .. .. 86.9. .. 96.G 1097 . .. 124.1... 136.8B
MAXTMUM= 157.3 C.F.S5. TIME 11.15 p.M. - )
5 SNDEPTH= 47.58 STMD= 0.26 SAX= 15.00 . TANSH= 2.0 SPLW= 0.4T7
6 AM 154.3 - 149.8 144.3 133.8 134.0 130.2 127.2 124.8
—BM 12148 . 12649 _135.1 .. l46.4 160.8 176.2 190.3 202.5
MAXTMUM= 22T.3  C.F.S,. TIME 11.45 P.M, .
6 SDEPTH= 44.93 STMD= 0.26 SAX= 15.00 TANSM= 0,0 SPLW= 0,45
7 aM 227.6 272s5,.1 221.2 216.6 211.9 227T.8 20446 202.3
pM 220.6 ° 230.8 242 1 254, 5 26T, ) 2717.7 287.1 295.40
Ce—e oo — MAXIMUM= . 304.6 Cl.F.S. TIME 10.15 P.M,
7T SDEPTH= 42,34 STMD= 1,76 SAX= 15,00 TANSM= 0.93 SPLk= 0.42
B AM 295.4 .. .28B,5 281.2 274.5 269.0 264.5 26d2.6 2571.1
PM 242.4 24041 237.9 237.4 233.4 240.3 24%.6 247.6
MAX IMUM= 297.6 C.F.S, TIME G.15 AM,

_ - B. SDEPTH= 41400 STMD= 0,26 SAX= 15.00 TANSM= 0.04 SPLW= 0.41

147.8

i21.6
213.8

271.2
301.9

252.8
252,1

25.3

1.4
103.2

3.7

154.1

119.9
221.1

202.9
304.5

249.9
255.9

21.2

155.5

255.5%



2E-q

< AM 249.1 -
pM 215.7
MAXT M=
2 SOEPTH=
10 &M 22647
oM 195.5
MAX 1 MUM=
12 SDEPTH=
i1 AM 247.5
pM 212.1
MAX I MUM=
11 SDEPTH=
12 AM 1243.2
PM 1276.73
MA X IMUM=
12 SDEPTH=
13 AM 1082.4
PM 376.5
MAXTMUM=
13 SDEPTH=
14 AM 755.1
PM 678.1
MAX I MUM=
14 SDEPTH=
15 AM 585.5
PM 495,11
MAX ]I MUM=
15 SDEPTH=
16 AM 50R.7
PM 434.7
MAX ITMUM=
le SBEPTH=
17 Am 464, 7
P M 47 .7
MAX [MUM=
17 SDEPTH=
Y 519.6
M 454 .4

244,73 240, 236.1%
240t Z12.5 211,17
25L.7  L.F.S, TIME
29.62  STMD= 1.27  SAX=
22249 213.7 215.5
197,3 1LG8,5 20,7
25%3.0 C.F.S. TIME
37.88 STMD= 2.27  SAXs
242.5 237.2 232.6
210.8 212.17 221.4
1184,7 C.F.S5. TIME
35.28 STMD= 0.27 SAX=s
1312,2 1356.7 1380.6
1258.6 1241.3 1225.3
1391.2 C.F.S. TIME
34,40 STMN= 0,268 SAX=
1061.4 1041.4 22,1
B62.7 849,72 834,11
129042 CL.F.5. TIime
32,93 STMD= 1.28 SAX=
T42.5 T2%. 1 T17.6
hi9. 7 612.9 &£083,1
759.7 C.F.5. TIME
31.28 STHMD=  0.29 SAX=
575.3 565.4 556.3
4BS, 6 487.9 487,.7
58%.3 C.F.5. TIMFE
2937 STHMD=  0.,29 SAX=
500.4 491.6 483.4
433.4 434,72 437, 1
5118 {.Fa.3. TIME
27.79  STY0= 2,29 SAX=
457,2 LS ‘42,8
410,49 41749 428,11
525.4 f.F.S, TIME
25419 STMD+T  D.30  &AX=
512.46 AL 499,73
4605 463, 7 482.7

15.00

1210.7

15.00

15.12

15,00

€332
211.1

0u15
15. 00

212.8
6. T

10.45
15,20

229.0

237.0 -
iz.00

1389.4

4o 4D
15.30

1003.8

8z3.8
Ja15
15.00

106.2
605.8
0.15

548.1
489.9
.15

476,27
447.3
J.15
15,00

437.0
442.8
10.45

4AT.6
501.1

230.6
212.5
A.Ma

TANSM=

210.6
214.0
P.M.

TANSM=

226.0
268,0
P. M-

TANSH=

1386.3
1197.3

AuM,

TANSM=

28&, 2
813.8
A. M.

FTARSM=

695. 4
604.8

A.Ma

TANSM=

540.6
494.6
AuM,

TANSM=

469.8
440,90

AaMa

TANSM=

431.9

461,5
PuM,

TANSM=

0.0

228.2
214.9

SPL W=

20846
223.4

SHL W=

223 .6
333,6

SPLW=

1377.4

S1185,.1

0.04

0.03

a1

SPLw=

69.2
04%.6

SPLw=

68541
G05.4

SPLK=

533.5
501.6

SPLM=

4641
459.5

SPLwW=

1365.3

1171.9. .

1349,2
1158.4

518.7
518.4

452.3
4T5.2

417.7
512.3

6401
574.9

202.5
250.4

2164
B09.9

1332.9
1141.4

920.1
783.5

512.5
520.9

447.6
476.8

41448
520.8

459,18
587.3

214.9
1004.9

1215.92
1r22.9

9235.7
T76.1

645,59
602.6

506.6
319,.7

217.3
229,73

199,18
251.1

L 213.4
114%9.6

1295.9
1103.1

890.7
T66.6

636.7
594.9

500.7
515..4

216,.8

352,73

12666

898.0

650.6

520.9

462 .7

450.5

SNG4, 7



£e-g

e e - MAXIMUM= . 585.9. C.F.S. TIHE  10.45 P.M.
1R SDEPTH= 22.63  STMD= 0,30 SAX= 15,00 TANSM= 0.0
19 AM 579,2 571.8 563,0 553.9 545.6 538.5
P 512.9 519,0 5203 G442 563.7 582.8
— MAXIHMUM=. £42.5. C.FuS. . TIME 10.4% . P.M, .
19 SDEPTH= 19.98 STMD= 0.31 SAX= 15,00 TANSM= 0.9
20 AM 636,99  629.6 _ _H20.5 . 61l.0.- _602.0. .. 594.2
PM. . 56T.9 5TTe4 593 .4 617.1 649,1 687.5
e MAXTIMUM= _ 904.1 C.F.S5e. . TIME 12.00 P.M.
20 SDFPTH= 17,19  STMOD=s _ 0,33 SAX=_15.00. TANSM= _0.01.
21 AM 305.9 903.1 294.2 882.9 871.5 860.8
e PM 801,55 80).3___805.3._ _813.4. .. B25.6.. _B&40.9_
. MAXTMUM= 910.6 . CuF.S5. TIME 1l.45 P.M,
- 2L SDERTH= 14,72 _STMO= 0,32 SAX= 15.00 TANSM= 0.0
" 22 AM 906.0 897.8 885.6 872.6 B60.5 B49.4
pM 795.1 796.4 801.5 810.7 823,86 837.R
e e MAXIMEM2 . 908.3. . CaFaSa... _TIME. . 0215 AeM. . ..
22 SDEPTH=  12.46 STMD= 9.33 S$SAX= 15.00 TANSM= 0.0
B AM __A62.8. . 835249 841.5 . 230.0 ., Bl9.4 _ _809,7 .
PM T62.4 T65.6 T75.4  TB9.4 807.6 B28.0
MAX IMUM= 88B.4 C.F.S. TIME 10.45 P.M.
— 23 SDFEPTH=. __10.23 STMOD=_ 0,33__S5AXs .15.00 _TANSM= 0.0
24 AM. ___BT6.2 _866.6 . 855.8 844,8. 834.4 825.,0
PM 780.0 783.1 7913 832.9_ . 8YT.3. . 83l.4&4 _ _ _
MAXIMUM=  879.7 C.F.S. TIME 0.15 A.M, )
24 SDEPTH= 8401 STMD= 3,34 SAX= 15.20 TANSM= 0.0
25 AM B855.4 846.5 836.4  BZ5.8 815.5  806.0
PM TT4.9 780.1 T86 .4 794.0 800.0 BO4.2
MAX IMUM= 85849  CafeSa_____TIME. . 0,15 _A.M. _
25 SDEPTH= 6.39 STMD= 0.34 S5AX= 15.00 TANSM= 0.0
2& _AM 791.3  T782.5 | T73.5 To4.8 756.8 149,7
pM 712.8 713.3 7i5.7 T20.0 724.8 724, &
MAXTMUM= 795.1 C.F.S. TIME 2415 A.M.
26 SDEPTH= 5202 STMD= D.35 54K= 15.20 TANSM= (.0
27 AM 720.4 713.0 705.6 698,46 692.3 686,90
FM 652.9 65l.4 650.8 651.5 652.5 655, 1
MAX T MyUM= 723.7 C.F.5, TIME Da1% AaM.
27 SDEPTH= 3.94  STMO=  0.37  SAX= 15.20 TANSH= Q.9

519.8
620.1

573.9
812.7

829.1
BB9.2

818.5

8T1.3

779.7
882.7

195.5°

86444

T78.2
813.2

T26.7
Ti9.4

66840
566.2

515.0
638,.3

568.7
B47.7

819.9
898.9 "

809.9
875.0

_T72.3
8487.7

788.3

8567.2. ..

T14.0
810.6

T21.5
Ti7.1

65640
b6E4 .5

510.5
G470

563.7
B77.2

Bl10.9

905.6 ..

B01,5

B8T4.5

.. T65.3

a87.5

T8l.%
H66a%

T7l.5
805.8

T16.5
722,90

660,1
661,72

510.6
541.2  561.9
564.5
898.4  656.8
B04.1 '

. 908.8. 854.0
796.9 o
A70.3  843.2
162.6 . .
883.4 819.7
779.0
862.4  826.5 .
772.7
799.2  302.2

113,49
27,1 7137.4
65645
656,86  6T1a1
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28

2%

30

31

JUNE

4

29

29

30

31

1

2

2

4

5

aM 651.2
M 599.2

MAXTMUM=
SOEPTH=

4K 598,45
P 55%5,5

AM
PM

AM
pM

AM
pM

AM
PM

AM
M

0

MAX TMIM=
SDEPTH=

256.4

522.5

MA X T MUM=
SDEPTH=

508.3

4B5.0

MAX ITMUM=
SOERTH=

474.7

454,10

MAX KUM=
SDEPTH=

445.9

42649

MAX T MUM=
SPEPTH=

420.3
402.6
MAXIMiUINM=
SOEPTH=

397.1
380.4
MAXTMUK=
SPEPTH=

37548

156.8

MA X TMUM=
SOEPTH=

b45.4 639, 6
596446 595.8
£53.9 C(.F.5.
3.0 53TMD= ),30
554.1 SHIL D
560.6 562.3
600,27 C.F.5.
Z.31 STMD= .39
552406 54941
523a.8 51941
558.5 C.F.S.
1.82 STMD= 0,42
506.R 505.3
483.5 482.27
5u9.5 C,fF,.5.
1.5 STMD=  D.48
473.5 412.2
452.9 451.6
#7548 C.F.5.
.19 STMD= 9,49
444.8 443.7
4258 424.8
44649 LaFa5.
D97 STMD= 0,50
419,73 418.3
401a7 400.7
42le3 C.F.5a
U.23 STHD= 0,52
396,22 195,43
376,85 ifTB.5
B2 D B A
Datl  SIMD= 3,84
275, ZT%.1
36342 366,19
414.5 L,.F.5,
O.41 STMD= (3,51

634.4

595, 4
TIHL
SAX=

585,.2

564 .8
TiME
SAX=

546.1
517.5%
TIME
SaX=

503,38
480,0
TIME
Sax=

477,

45 Y4
TIME
SAX=

442.06
423.8-
TivE
SAX=

417,32
399.8
TIME
SAX=

394.4
377.8
TIHE
SAYs=

373.2
373.3
TIME
SAxX=

629, 8
595.4

&25.8
506.7

0.15 AL+,

15400

581l.2
S66.G

TaMSM=

5TT7.7
567.3

D.15 A.m,

15,00

542.4
915.5

TANSM=

541.1
513.9

0.15 A.m,

15.00

502.3
4T79.3

TANSHM=

5232.9
477.9

.15 A.M,

15.00

4H4, 7
449,10

TANSM=

468, 5
447, 9

Jal5  ALM,

15.20

441.%
422.5

TAMSM=

440.4
421.5

0.15 A.M.

15.00

41643
39B.6

TANSM=

415.4
397.7

0.15 A.M.

15.60

393.5
316,7

TANSM=

397, ¢
375.8

D15 AlM.

15430

T2
38%,9

TAN 3M=

IIl.6
431.3

Ouhd DM,

15.00

TANSM=

q.70

0.0

0.0

NeD

0.0

[
.
=

Je D

0.0

622.2
5943.9

591 W=

S5T4.7
S566.8

SPLH=

538,9
512.3

SPLW=

499.4
476.6

S5PLW=

467.2
446, 7T

SPLW=

439.3
420.4

SPLUW=

4149.4
295.7

SPLW=

391.7
27540

SPLH=

173.8
411.4

SPLw=

618,93
601.5

2,05

571.9
565.7

0.03

53¢6.48
510.7

610.5

H0B.0

564,1
569.2

52%.6
514.5

49%.6

479.9

458.8
45044

431,2
424.4

40645
400.8

383.9
379.2

363.1
403,2

607.5
607.6

561.7
566.7

527.8
512.9

489.2
478.6

457.6
44G9.3

430.1
423.3

405.5
389.9

N4 6
605.6

559.5

563.6

526,40
511.4

487.8
477.1

456,44
448.1

429.0

422.3

404.5

399.0

332.°
3775

361.5
395.46

501.9
62.5

55%9.8
560.1

524,2

509.8

48644
4T6.0

458,72
447,10

- 428.0
" 421.3

403.6

. 398.1

iR1,3
376, 7

612.3

570.5

227.2..

488.8

457 .6

430.5

406.1

3238

179.1



ge-8

&AM 389.6  382.8  376.5 373.4 371.3  373.9
—. PM.___423.4  419.9._._418.9 419.0 417.5 416.5
MAXIMUM=  421.1 C.F.S, TIME 1.15 P.M.
* & SDEPTH= 0.27 STHD=  0.46 SAX= 15,00 TANSM=
© 7 AM 378.8  376.7  375.0  373.5  372.1  370.8
e BM_ _357.4__ 356.4 __355.4  354.4  353.3 _ 352.3
_MAXIMUM=___ 380.1 CLE.S. TIME . 0D.15 A M. .
7  SDEPTH= 0.08 STMD= 0.49. SAX= 15,00 TANSM=
—B___AM 351.7 A50,. 8. 349,.9____349.0 L3681 . 34T7.2
. PM 335.1  334.2  333.4  332.5 331.5 330.7
e MAXIMUM=___352.5 C.F.S.. TIiME 015 A.M. .
9 AM  330,9 330.1 329.3 - 328.5 327.7  326.9
PM 315.4  314.7 -313.9  313.1 312.2 311.5
e o MAXIMUM= . 331.6 . CaFaS. . . TIME.  0.15 A.M.
1AM .312.3  311.5 310.8 .310.1 .309.3  308.6
- PM__ 296.1. 295.4 _294.7 . 294.9 _ 293.2 292.5
MAXIMUM=  313.0 C.F.S. TIME 0.15 A.M.
S11 o AM_ .295.3  _296.6  293.9_ _293.3 _2G2.6 . 291.9
PM 279.8  279.2° 278.5 271.9 217.1 276.5
MAXIMUM= . '295.9. C.F.$. TIME  0.15 A.M.
12 AN 279.6  278.9  278.3  277.7  277.1  276.5
. PM 264,7  266.1 263.4 262.8  262.1 261.5
e _MAXIMUM=_ " 280.2 C.F.5.._  TIME D.15  ALM.
13 AM 264.9 264.3 263.8 263.2 262.6 262.0
PM 250.5 249.9 249.3 . 24B.8 .. 248.1 241, 5
MAXIMUM=  265.5 C.F.S. TIME 0.15 A.M.
~le. AM. . 251.2  250.6  250.1  249.5  249.0  248.4
pM 237.1  236.6  236.1  235.5  234,9  23t.4
MAXIMUM=  251.7 C.E.S. TIME D.15 A,
15 AM  .238.2  237.7  231.2  236.1 236.2 235.6
£M 224.5  224.0  273.5  223.0  222.4  221.9
MAXIMUM=  238.7 C.F.35. TIME D.15 A.m,

178,11
408.1
0.9  SPLW=

36G.7
351,3

0.0

.. 346.3
329.8

SPLW=

394,8

394,00

361.5
355.4

40%.5
388.5

360.4
354.5

337.7
333.3

317.8
314.5

298.2
297.3

281.8
281.5

266.5
266.7

252.2

252.8

238,7
239.8

226.1
2273

4124
36h .o

3159.4
353.6

336.8
332.5

EIE NI

313.7

297.5
2966

281.1
2B80.8

265.9
266,1

251.6
252.3

238.2
239.1

225.8
27648

417.7

381.3 397,32

358.4 .
361.3

352.4

335.9

331.7° 338.5

31642 ,
313.0  318.8

206.8

295,09  300.3
. 280.5 _ .
280.2 - 2B3.9
265.3 o
265.5 268.7
251.0

251.T . 254.5
237.7

238.8 241,70
225,1

226.6  228.5



9c-1

JULY

1e
19
25
24
30

31

AUGUST

3

)

AM
pM

A
B

AM
M

AM
PM

AM
PM

AM

AM
pM

AM
PM

AM
PM

A4
M

AM
P

AM
pM

79.7
70.3
MAX TMUM=

9.2
[N

MAXTMUM=

73.49
62.1
MAXIMUM=

42.9
34.1
MAXIMUM=

44.7
32.0
MAX [MU#=

29.9
22.0
MBX T MU=

52.0
20.8
MAXIMUM=

23.1
19.1

MAX T MUM=

30.8
17.5
MAX TMUM=

18.9
14.4
MAX ITMUM=

2Tats
13.7%
MAX I MUIM=

22.5
12.7
MAX T MuN=

1647
Tle4
CaFabd,

T2.3
62.5
CaFaSe

42.7
34.9
C.F.S.

4745
31.9
CIF'S.

29.8
21.9
CeFaba

et
20.6
C.F.5.

23.0
G4, %
CeFeaSa

2641
L7.4
CeFaSa

13.9
L%a3
CaFaSa

2240
2.1

e

LIS A

il

C

LA
12.6
C.F.S.

79.2
69,8
TTME

TL,?
T4 3
TIME

722
2.4
TIME

2el
3T7.4
TIME

4l.8
3.3
TIME

27.7
21.8
TI4E

35.56
204
TIME

23.0
42.6
TIME

24,8
17.3
TIME

19.8
4.4
T14E

1.t
2043
TIME

la.s
12,4
TiMmE

42.4
4.4
PN,

40.9
3l.6

AdMa

29.6
21l.7
BoM,

32.0
20,3
A.M,

22.9
PB. 6
PaMa

- 23.2
17.3.

AL M,

13.7
12.7

71.2
&l.9

61.8

47,8

17.3
44.9

22.1
27.2

18‘7
61.3

12.0
23.5

13.2
2R, 4

12.9

10641

0.5 ..
B0.7 75.7
S
74,2 74.0
63.0

68.5. 667 .

a2

G642 4leb

3201

18.8. 3644

Zl.a -
27.1 27,5
18.5 B
4.8 20,1
17.7

14.4
12.0 21.8
13.7
24.9 24.6
12.8

104.6 20.4
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S .24.3 24,9 26

6 AM  95.6  81.6  63.1  48.5 38.5  31.6
PM 13.4 13.0 12.8 12.6 12.4 12.3
e MAXIMUM= . 99,4 CoFeS. TIME. 0.15  AuM,
10 AM 13.7. 13.7 13.4 13.6 . 13.6 13.5
e e PM L L Teb _ Tab . _Tab o Teb o 1.8 11.7
MAXTMUM=  146,2 C.F.S. TIME  10.45 P.M.
AL AM. . 92.2 . 6T.5._ . S50.5. . 3848 . 30.8 25.3
M 8ot 8.1 7.9 7.7 7.6 - 7.5
MAXIMUM=  103.7 C.F.S. TIME 0.15 A.m,
12 AWM ~T 12.9 ‘2.8 7 1z.8 138 '.”:,fé.'é_.'.—._,]:l’.'fi" .
: PM 26.2 . 22.1 I8.2 15.6 14.1 13.7
MAXTMUM= . 27,2 C.F.5. TI{ME 9.45 ‘A.M,
13 AM 13.5 13.1 12.9 12.7 l12.6 12.5
PM.___ 8.2 12.5 leéa2_ 19,1 __ 22,7 19.5._ ..
. MAXEMUM= - 23,6 C.F.S.. TIME 4.45 P.M,
14 M 16.0 14 T Y3.8 . 13.2 . _12.8 .. 47.5
PM . 6.0 6.0 5.9 .. 5.9 . 5.9 5.9
L MAXIMUM= 16.6 C.F.S. TIME. . 0.15. A.M,
16 AM T 1o.8  10.8 10.8 ¢ 10.8  10.7  10.7
PM 4.9 | 4.9 5.7 8.1 . 10.7 13.0
——_ MAXIM{IM= 41.1 (C.E.S. TIME. _ 12.00. P.M_ .
AT AM .. 46k . 49.7 514  41.4 31,7 . 25,1
pM 5.8 S.4 5.2 Salic i 4.9 . _ 4.8
 MAXIMUM= 52.8. €.F.5. TIME Z.45  ALM.
A9 _AM_ . 9.7 9.6 . Dub___ . 9.6 . . _.9.6 . _9.%
e . PM 6.2 6.8 . 8.6 11.5  ° 16.7 21.1
e MAXIMUM= | 246 C.F.Sa .. TIME 8.15 P.M,
1200 AM 12,2 11.3 10.6  10.2 9.9 9.6
PM 5.8 5.8 . 5,7 5.7 5.7 5.7
e MAXTMUM= L1227 CuFuba. TIME 0.15 ALM.
21 AM 3.8 8,8 2.2 ga0 8.7 Ho7
,,,,,,, _eM . 5.3 St Guf . _9uf 1341 21.1 .
MAXIMUM= 58,5 C(.F.S. TIME  12.00 * P.M.
.22 M. 9.6  T0.0 69.5 _ 65.5 59,6 55.0
PM 13.1 . 1ll.6 19.7 10.0 9.5 G2
MA X 1 MUM= £69.9 C.F.S. TIME 1.15  A.M,

14.7 -
16,1

7.7
142.7

f 2642

14.7

Co10.2

]
Qo
" 8
=
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roduced from
%:5 available copY.

23 aM 10.0 16,9 7 Ta.4 9.9 9,9 9.9 9.9 9.9 6.6 6.5 6.5 6.5
P 6.5 6.5 bk 6.4 £ab Ged fat 6.3 9.6 9.4 9.6 9.5 8.1
MAX | MUM= 6.4 C.F.5. TIME 4,15 DM,
SEPTFMREKR
&AM 5ud Sek 5.4 5.% 5.4 5.4 Se4 5.3 1.0 1.0 1.0 1.0
M 1.9 1.0 1.1 2.3 4¢3 P 7.6 8.0 10.5 8.8 7.7 6.9 4,7
MAX T NUM= 11.3 C.F.5. TIME B.15 pP,M,
b AN b3 6.0 5,7 5.5 5.4 5,3 5.2 5.1 0.8 0.3 9.8 0.9
P 2.2 60 11.3 19.5 28,3 34, 33,2 37.6 18.3 32.0 24,3 18,2 14.1
MAX I MUM= 39.9 CoFuSa TIME .15 P.M,
6 AM 14.1 11.2 9.3 7.9 7.0 6.4 5.9 5.6 1.1 1.0 0.9 0.8 ' :
PM 0.7 0.6 0.6 0.6 2.6 0.6 V.6 0.6 4.8 4.8 4.8 4.8 - 4.0
MAX T MUM= 15.4 C.F.S. TIME D.15  A.M, ' :
8 av. 4.6 4.5 4.5 4.5 445 445 4.5, . &.5 1.0 0.9 0.9 . 0.9 _ ..
pM 0.9 . 3.9 1.0 1.5 2.9 4.9 7.3 9.2 13.1 12.2 10.0 8.2 4T
MA XTI MUM= 13.3 CaFaeS. TIME 4,45 PaM,
9 AM 7.3 5.2 5.6 5,2 4.9 4.7 6.6 4.5 0.9 0.8 0.7
PN 0.7 0.7 2.7 0.7 0.7 9.7 3.7 0.7 4.2 4.2 4.1 4e1 2.8
MAX I MUM= Teh CuF.S. TIME D415 AM
10 amM 4.1 4.1 4l 4.1 4ul 4.1 441 4al 0.5 0.5 0.5 0.5
PH 0.5 2.5 0.5 3.5 0.5 n.6 1.7 5.4 13.4 18.5 23.9 26,4 5.2
MAX ] MUM= 75,0 CuFaSa TIME 10,45 poM,
11 Am 22,2 19,1 14,8 Llo4 .1 T.4 6.3 5.6 1.5 1.2 -0,9 0.7
pM Geb 0.5 2.5 0.3 0.3 0.3 . 0.3 0.7 6.0 . 9.5 013,90 a7.8 . e.3
MAX T MUM= 23.1 C.F.5. TIME 0.15 a.mM, -
1z aw 19.9 - 18.9 14,8 1l.4 9.0 7.3 6.2 Sub lo4 1.0 N.8 .6
om 5.5 0ut 0,3 3.2 0.2 1.1 19,2 37.5 T1.9  110.6 151.9  162.2 36 .8
MAXEMUM=  162.3 C.F.5. TIME  12.00 P.M. ~ L
13 AMm 162.7 . 154.9  138.5 116.3 91,1 68,2 49.0 35,7 23.0 16.7 12.4 9.4
T pu Te4 6.2 5.3 P 3.9 3.6 3.4 3.2 5.6 6.5 6.5 bek 39.3
MAXTMUM=  163.5 <.F,.5. TIME V.45 puM,
14  AM 9.2 16.1 35,7 52,9 6942 g2, ©9.7 52.5 1845 30,2 24.2 21.0
pM 20,1 22,5 27.1 33.8 41.6 46.5 49,1 48,5 47,2 41,9 14,8 20,1 30,4
MAX TMUM= 1.5 CuFas. TIME S.4%  AuM.
14 SDEPTH= D032 STHMO= 0,37 SAX= 15.00 TANSM= 0,00 SPLW=  0.00
15 aM 25.1 22,3 20,4 1941 1.1 17.5 17.0 16,7 12.9 12.7 12.6 . 12.5
PM 12.4 12.% 13 13.0 15.7 17.2 - iB8.6 19,2 21.2 1.6 18.5 17.7 16.9
MAXEMIM= 26543 CaFab. TIME 0.15% AuM. )
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_le_AM - 17.1 16.7 16.5 16.2 © 16.1 16.0
P 13.8 13,8 13.8 13,7 13.7 13.7
. MAX IMUM= 17.3 C.£.5. TIME 0415 AuM.
.16 . SDEPTH= 0.33  S$T¥D=  0.03 SAX= 15.00 TANSM= 0.00
17 AM 15.2 15.1 15.1 15.1 15.0 15,0
. PM. . 1l.3 11.3 11.2 11.2 . 11.2 1.1
MAX IMUM= 15.2 C.F.S. TIME D.15 A.M.
18 AM ___ lh.4 14.3 14,3 14.3 14.2 14,2,
PM 10.8 19.9 11.6 13.2 l6.4  20.2
MAX | MUM= 30.5 C.F.S. TIME 8.15 PuM,
19 AM 195 18,2 17.3 16,7  16.3  16.0
. PM 12.2 . 12.2 12.2 12.2 . 13.1 14.5
MAXIMUM= 33,5 . CuFaSe . _ _TIME_ . ©.45 PoMe . _
20 AM 26.0 23.3  21.4  20.2 9.3 18.7
o PM___ 144 .. l4e3 . 1%.3  l4.3 . 14,3  14.2
MAXTMUM= 27.1 C.f.S. TIME 0.15 A.M.
C21AM__ 1.1 17.1... 17.1 1741, _17.0 170
- PM 13.7 13.7 13.7 13.6 17,6 13.6
MAX [MUM= 17.2 C.F.S. TIME 0.15 4.M.
22 AM 16.4 1.4 16.4  16.3 6.3 16.3
M 12.9 12.9 12.9 12.3 12.8 12.8
MAX MMz 16.5 C.E.5. TIME 0415 AuMa .
23 AM - 15.6 15.6 15.5 15,5 15.5  15.4
CoePM 1201 12.0. 1240 12.0. 12.0 . 12.4.
T MAXIMUM= 33.5 C.F.S. TIME  11.45 P.M.
24 AM 33.0 21e9 . 31.2  33.0 . _ 3241 ...35.9.
" PM 49,0 44.5 29,6 : 34,9 30.2 26.6
MAX EMUM= 51.6 C.F.S. TIME 10,45 A.M.
25 TAM20.5  20.3 2001 2000 19.9 19.8
PM 16.3 16.2  16.2 16.2 16.1 6.1
: _ MAXIMUM=  20.6 . CaFaSa. ... . TIME 9415 AuM.
26 AM 18.8 18.8 18,7 18.7 18.6 186
o~ eM. _15.2 151 ... 1541 15.C  15.0 14.9
MAX [ MHM= 3.9 C.F.S. TIvE 0,15 Auw,
T AWM 7. T 177 1.6 1T.6 b7,6_ 17.5
et 1401 1% 14.0 1.0 13.¢9 17,9
MA X IMUM= 17+8 C€.F.3. TI4E 0.15 A.m,
2B AM 16.7 1ha.T l6.6 6.5 Ll&.b 16.5
P M 12.9 12.8 12.% 13.1 13.6 Lh.6
e MAX[MUM= 29.3  C.E.S. TIME Bu45 DL,
29 AM 17.0 16,7 16.4 16.2 16.0 15.9
. PM . 12.1 12.1 12.2 12.0 12.0 1.9
MAXIMUM= 17.2 C.F.5. TIME 3415 aum,

15.0

11,1

14.1
27.2

13.9
15.3 15.3
11.4 11.3
14.5 14.5
10.9 10,9
27.6 26.2
12.3 12.3
32.8 32,0
l4.6 14.5
17.2 17.2
13.8 13.8 .
16.5 16.5
13.0 13.9
15.7 15,7
12.2 12.1
26.8 30.7
4847 51.3
21.8 21.2
16.4 16.4
19.0 18.9
15,2 15.7
1 17.8
the2 | _la.2
16.8 16.8
12.0 12.9
19.2 18.2
12.2 12.2
15.2 15.2

14,0

13.1

17.9

167

15.5

4.0
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YEAXLY STATISTICAL SUMMARY .

MONTHLY . DalLy . el

EFEREMCE STMUL ATED | REFERENCF STMULATED
MEAN 2405.48) 2432.4% 79.09 T9.97
MAX T MUM 14092.04 15394, 23 919.23 1266.56
VARIANCE 13195728, 00 20465536400 - 25021.94 . .28993.11. o
STANDARD DEVIATION 4265,04 4523.89 158.18 170.27
SUM OF {REFERENCE — SIMULATEDJ -322.07 ' ' | -322.04
ROGT SUM SQUARE , ' 1510.44 I C T T Tspelss T e
SUM SGUARED ) S 0.04 T O 7 M -
SUM SQUARED {IBM METHOD} 0.03 C o 1.47
CORRELATION COEFFICIENT 0.9964 : " o0.9896 )

e e SUMMARY CF MONTHLY AND ANNUAL TOTALS

S A sloh NOV .. _DEC .. JAN..  FER .. MAR  APR _.._ MAY_ _ JUNE_ _ JULY_ .. AUG __ SEPT _ ANNUAL
PRECIPITATION 3870 4.280 1,390 1.020  2.530  3.980  4.430 2.250 0,930 1.080 3.690 3.930  33.380 IN
EVP/ TRAN-NET 2.377 0.0 0.0 0.0 2,016 0.0 0.363  2.265 5,091 . .3.805. 2.360_ 2.556. .. 18.425 IN

—POTENTIAL 1.D7TL 0.9 0.0 9.0 2.016 9.0 0.363  2.265 6.126 6.167 3,360 2.570  21.938 IN
SURFACE RUNUFF 0.917  0.092  0.000  0.000  9.000 2.903  0.003 0.179 0.015 0.012 0.047  0.049 0,222 IN
INTERELCW . 2.303  0.011 . 0.0 0.0 . 0.0 . 0.0 0.003  1.B77 ..0.019 0.000 0.000 0.006. _ _1.908 IN.
BASE FLOW 0.182  3.151  0.195 0.188  0.191 0,241 0.242 3.311  2.556 0.555 0.128 0.113 8.054 IN
STREAM FVAP. 0937 0.9 0.0 0.0 300 .0 0.002  0.014 0,037 0.039 0.023 0.018 0.139 TN
TOTAL RUNOFFISI®)  0.1%5 04154  0.195  0.188  0.191 0,241 0.246 5,352  2.552  0.529 0.152 0.150  10.145 IN
TUTAL RUNOFF(REF 0.197 04158 10195 D.189 0,192 0,243 Q0244 4,898 2.809 0.585 0.166  7.150 10.033 IN
REFERENCE TOTALS  567.2 45443 561.6  545.0 552.3  697.9  T0l.B 14092.0 8082.1 1682.9 472.9  457.1  28867.2 CFS
STMULATED TOTALS  S562.5  442.9  S60.4  541.7  548.7  £93.2  TOB.5 15398.4 7342.7 1521.9  437.9  430.6  29189.3 CFS .
BALANCE —0.U597  INCHES _ o
MONTHLY FLOW CORRELATION CIEFFICTENT Y. G964

MEAN ODAILY FLOW CDRRELATICN COEFFICIENT Je 9896
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MEAN DATLY REFERENTSCE FLOWS

— _ . _. DAY _0cT NiY ... BEC . JaN FES MAR APR  _. MAY JUNE

1 .25.6 18.9 17.5 17.0 18.7 0.7 24.3 24.0 502.3

2 24.3 1946 _19.8_ _ 17.0_  18.8_ 20.8 2h.b 25.4 4T4.5

3. . 24,8 17.7 20.1 17.0 18.8 20.9 2445 28.2  448.8

b 2245 1T.5 . 2041 17.0 18.9.  21.0 24.5 49,3 424.9

5 20.6 17.2 ... 19.9 17..0 . 19.0_._._21.2 2446 . Bb.0 . 418.1

I3 19.9 17.0 19.7 17.0 19.1 21.3 24.7 132.0 _ &431.7

7 19.0 16.7 19.5.._17.1_ . 19.2 21.4 . 24.B . 205.4 392.&

B .. .. . lTa.% 16.5 19.3 17.1 - 19.3 21.6 2449 . 2l4.6 . B3T0.0

e 8 . 1605, .18.2 . 18.0 17.1 19.4 21.7 25.0 199.6  349.7

10 1A.1 15,9 18.8 1722 195 .2l 8 __25.1. .. 201.5 -230.2

11 15.7 15.7 18.6 17.2 19.6 21.9 25.1  316.8  312.7

12 20.6 15,4 . . 1B.4.. . 17.3 .. 19.7  _22.1 25.2_  919.2  296.2

13 17.9 15.2 18.3 17.3 19.8 22.2 25.3 &7T9.5 ZB0.7

.14 . 14.9 15.4. 18.1 LT.4 19.9 . 22,3 24,8 534,99  266.0

— 1B 1341 14,8 18,0 __1T.4 . . .20.0 . 22.4 _ . 24.3 _ 460.8 252.1

Ié 12.1 14.6 17.8 17.5 20.1 22,6 23.4 430.5 . 239.1

17 2122 Yab_ 1Tl T 1745 . ,.20.2_ 22,1  22.3 . 433.2 226.1

e 1B .. 12.4 14.2 17.6 17.6 20.3 22.8 21.3  47B.8  214,9

e 1% 12290 142l 1TWS5. 1T.T L 2004 .22.9 . .2D.2 - 527.6 - 203.8

20 23.0 13.9 17.4 V7.7 . Z0.2 23,0 1%9.2.  .609.1 ..7192.9

21 26.1 13.8 17.3° 17.8 20,2 23.1 18.1  737.3  182.8

22 i 2005 134T . 17.32 . 17.9 20.1. . 23.3.0 0 21.6 - T49.3 173.3

23 18.8 13.6 17.2 17.9 20.0 23.4 26.0  T53,1  164.3

o 24 . ..._lB.2 13.5 17.1 ‘18,0 . 20.1 23,5 25.1 770.0  155.7

—— 25 e M Te5  13a4 1T.l  18.1 . 20.2. . 23.6 23.3. T68.0  14T7.4

26 16.5 13.3 17.1 13.2 7043 22,7 22.5  T27.6 l139,9

1. Jl6a3 . 13.3 17.0 18.3 20.4 23.8 22.1  683.2 132.6

28 15.0 12,7 17.0 18.3 0.5 2349 21.2  640.0  125.6

29 14,0 13.1 L7.9 18.4 24,0 2i.8  607.3 119.1

— ... .30 l4.4 13.1 17.0 18.5 24.1 21.6 568.7 113.2
3 16,3 17.0 18.6 24,2 522,9

REFERENCE
__TOTALS 56Ta2 45443  561.6 . 545.0 552.3  697.9  70l.B 14092.0 80872.1

{CF3%)

JULY

107.3
101.7
96.2
91.3
B6.5

83.5
8l.4
73.8
6%9.7
65.8

62.3
58.9
55.8
52.8
49,9

- 4Ta2
T
45.8
4D0.4

38.0

35.9
33.9
3iz,0
-30,2
- 30.9

30.3
25.4
23.9
23.6
41.3
22.8

1682.9

AUG SEPT
20.5 4.6
. 19.3 4.3
23.6 3.9
_?26.3 . 5.2
32,1 | 14.6
2B.1 A
15.1 3.0
14.2 5.1
12.6 3.2
3343 —5.6..
“22.0 6.6
19.1 272
15.1 39.6
10.5 38,7
9.3 17.0
12.9 16.0
_1T.4 o 16.T7 .
. 8.0 18,3
.12.9 19.5.
- e B.&
19.7 17.3
29.4 16.4
9.0 17.9
B.5 35.8
8.0 18.8
7.5 17.8
7.1 16.9
faf 16,7
5.7 15.2
5.3 14.3
5.0
472.9 457.1

ANNUAL

2B867T.2 LFS
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DAY

L SR ELRN (W I

STMULATED
TOTALS

G

25. 6

24.3
2448
22.5
20.6

19.49
19.1
17.4

16.5

18.1

15.7
20.6
17.9
14.93
13.1

12.1
21.2
12.4
12.9
22.9

2645
20.7
18.4
17.6
l6.8

16.0
15.7
14.4
l4.3
13.8
15.8

562.5

NV

LaLh
L19.4
17.3
17.90
16.7

16.4
léel
15.49
15.7
15.4

15.2
15490
14.8
14,6

l’r.’+ .

14,2
14.0
13.2
13.7
13.6

13.5
13.4
13,3
13,2
i3.1

13.0
13.0
12.9
124

12.%

Ga2,.9

M

JEC

16.7
19.2
19.9
20a0
19.9

19.8
19.¢&
19.4
19.1
18.%

18.7
13.5
18.4
182
18.0

17.9
17.8
17.¢&
L7.5
17.4

17.3

17.3

17.2
17.1
17.1

17.0
1L7.0
17.0
16,9
16,7
14,9

960.4

E AN

JAN

16.9
15,9
16.9
1£.9
16.9

17.0
17.0
17.0
C17.0
17.1

17.1
17.2
17,2
17.3
17.3

17.4
iT.4
17.5
17.5
17.6

17.7
177
17.8
17.9
19.0

18.0
18.1
18.2
18,3
18.4
8.4

541.7

DATLY

FED

18.5
18.6
18.7
16,8
18.9

19.0
19.1
19.2
19.2

192.3 7

12.4
19.5
1%.6
19.7
15.8

19.9

548B.7

51T M

FAR

20.5
2%.6
20.8
2%.9
21.0

21.2
21.3
2lae5
21l.5

2l.7.

’1.8
21.9
2249
2242
2243

2244
22.5
22.6
22.8
22.9

23.0
23.1
23.2
2343
23.4

23.

23.7
23.8
2349
24.0
24,1

693.2

gL ATED

APR MAY
24,1 23.2
24a 2 244
2443 27.6
24,4 52.0
24.5 9%.4
24 .6 155.5
247 242.8
24,8 255.5
24.9 224,5
24.9 216.8 .
25,0 352.3
25%.1 1266.86
2542 898,.,0
2471 650.6
2443 . 520.9
23.5 462.2
22.5 450.5
21.5 504.2
20.4% 561.9
1%.4 _556.8
18.4 B54,0
22.1 843.2
27.9 819,7
27.3 B26.5
24.8 802.2
23.4 T37.4
22.5 671.1
22,0 612.3
21.7 3710.5
2L. 2 527.2
488.8

T08.5 1539844

JUNE

457.6
4320.5
406, 1
383.8
379.1

397.3

361.3

a3p.5
318.8

300.3.

283,9

26B8.7T

25%.5
241.2
228.5

216.5
205.3
194.7T
184.6

L 1714.7

165.6
157.0
148.8
l141.0
133.7

126.7
120.90
t13.7
107.8
102.5

13427

FLOoWws (CFS}

JuLy

97.1
92.0
87.2
82.56

. TB.2..

T5.7

T4.0-

66.7

- 63.0.

59,5

56.3
53.2
50.3
4T<6
45.0

42.5

40.2..

4l.6
36.4

34,2

32.3
. 30.5
28.8
27.1
.28.0

27.5
22.8
21.5
20.2
39.1
20.7

1521 .9

AUG SEPT
14.5 4.0
17.4 3.7
21.8 3.4
24.6 4.7
30.4 P
26.5 4.
13.6
12.8 &e
11.2 2.8 .
32.0 8.2 __
Z0.8 6.3
17.9 26.B .
14.0 29,3
94 . 39,4
8.3 . 16.9 .
11.9 14.9
1645 _13.1
Tl 1645,
12.0 17.7
c—Te8. _16.9
18.9 15.3
2845 14.5
a.1 16.1
7.7 34.9
T.2 17.9 .
6.8 16.7
6.3 15.7
5.9 15.5
5.1 1442
4.7 12,0
4.4
437.9 430.6

e ANNUDAL

29189.3 CFS.
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- - . i _TOTAL STATISTICAL SUMMARY FOR 1 WATER YRS
e e . MONTHLY - B} - DAILY .
. REFERENCE STMULATED — REFERENCE STMULATED
_MEAN_.__ . 2405.60 2432.44 79.09 79.97
“RAXIMUM 14092.04  15398.39 T " 919.23 1266.56
__WARIANCE e )R19572Ra00. .. . _ 2046553&.00__ .  ___._ . 25021.94 _28993.11 . _ _
;,.smu'umm._o&'u.iAnnn 426564 4523.89 - 158.186 170.27
SUM OF (REFERENCE — SIMULATED) -322,07 -322.06
RDOT SUM SQUARE o B T 1510044 506,55 T T
. SUM_SQUARCD. __ . _ a0 s e e e 1.78 .
SUM SQUARED {1BM METHOD) 0.03 1,47
CORRELATION COEFFICIENT N L T o 0.9896 ) N T
. T T T e )
ek OCT . .NOV ... _DEC.____JAN: FER MAR_____ABR _ _MAY  JUNE . JULY_. .. _AUG SEPT ANNLIAL
~RAINSMELT . .. 1.755 .0.634 0.558  0.558 0,504 0.558 0.873 13.875 1.614 1,080 3.690 3.906  29.606 INCHES
: ~SNOW=EVAP. . 0.006 __0.306 0,314 0,215 0,138 _ 0.226 _ 0,380 _ 0.930. 0.0 0.0 . _0.0_ . _Do0. . .. 2.566 INCHES
INTSNOWLOSS 0.152 0.251 0.080 0,081 0.152 0.228 0.241 0.018 0.0 0.0 0.0 0.023 1.207 INCHES
STORAGES~UZS 0.555  0.544 0,330 0.345 0.356  0.368  0.440  1.224 0.0 0.295 0.395 0.814 ™
e e L2S o 42136 . A.646 _5.197 . 5.543  5,8L8  .6.099  5.303  8.905 6.470 3.450 1.657  4.420 IN
1FS 0.0 9.0 9.0 0.0 9.0 .0 0.0 0.008 0.0 0.0 0.0 9.0 IN
, GHS 0,100 0.0B7  0.115  0.125  0.139  2.163  D.146  3.075  1.695 -0.142  0.942  0.007 I
CINDICES= UZC . . . - .0a5LZ. .0a250 D.250 D.250. 0.250 . 04250  0.254 1.501  3.004 2.706  1.551  1.256 .
BFNX 0.424  0.255 0,230 0.220 0.231  0.262 0.250 4,131 1.738 0.678 0.282 0.226
SIAM G.797  0.476  0.330  0.330  0.330  0.330 0,404 0.899  1.331  1.385  1.185 1.050
_CHECK ON SNOW - 20.1194 18.9126
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DAILY FLOW DURATION AND FRROK TARLE

FLOW ENTERVAL CASES AV ERROR AVH. ABS. ERR09 STANDARD ERROR
D.0- Da e
1.0- .0
1.6- Q.0
2ol 5.0 Q.5 Duth J.06
4.5— 10.0 -0.5 0.55 0.4
7oh— 9.0 -0.8 .89 0.32 : .

12.2- 197,02 -D.4 0,37 . D.49 . ) B
20.1- "99.0 -0.4 0.54 0.9
33,1~ 15.0 -2.56 3.07 2.31
54.6- 19.9 —4.7 L Ta4l 6eteth . .
90.0- 11.0 -8.90 12.25 10.55
1484 %— 13.0 —3.5 21.583 23.39 -
244.7- 11,0 -21.9 28.9F 20432
403 4- 17.0 ~3.8 42 .85 4B. 8D
665, 1— 9,0 103.7 106,47 113,56
1096.6— 0.2
LBOB. O~ Ded
Z981.0— 0.0
4914 B .0 ——
R103.1- 0.0
13359, 7~ 2.0
22026.5- 0.0
S 365.0 0.9 Te24 227.83
CORRELATION COEFFICIENT ({DATLY) J.9898

TWENTY HIGHEST CLOCKHOUR RAINFALL EVENTS IN THE WATEP YEAR
0,500 0.495 00407 0,400 73,380 D.274 0265 Je26L 0,240 30230 34233 0.299 0.170 D.162 2.150 2,150 0,150 0,149 0,143 0,140

TWENTY HIGHFSY C{I0KHMUZ BVETLANT FLOW RUNDFF FVF NTS TN THE WATFR YFAR
0.01D 2,006 5.003% G,205 0.006 00905 0.004 0.904 0.002 0.002 0.002 0.001 0,001 0.001 0.401 0.001 0.001 0.001 0.091 0.001



e — DAILY SOIL. MOISTURE
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APPENDIX C
SAMPLE SIMULATION RUN OUTPUT, REGIONAL WATERSHED MODEL

The choice of regional watershed was influenced principally by the
fact that it nas been modeled and calibrated tor river .forecasting purposes
by the National Weather Service Lower Mississippi River Forecast Center, .
5lidell, Louisiana, using a model ot the same basic type as that used by
IBM in this study. It is designated "Pearl River at Pearl River, Louisiana,"”
and is located in the Gulf Plain Physiographic region, 1ying mostly 1n south
central Mississippi ana a small part of Louisiana.

The regional watershed (Figure C-1) nas a total area of 22,248 square
kK ilometers ?8,590 square miles} and is composed of 12 watersheds, each

with its own stream gage. Ihe water year 1968 was the one for which most
accurate overall simulation was achieved. A total ot 12 hourly and 25 daily
precipitation stations were used to calculate mean basin precipitation tor
each subwatershed. Table C-! 1ists some of the characteristics of interest
pertaining to the subwatersheds and their associated precipitation and
streamriow data. Approximately half tne population of the basin in concen-
tratea in and around the city of vackson, Mississippi. The topography varies
from nearly flat land near the Gulf Coast to gentle hills near the northern
end. '

The observed daily discharge data for the regional watershed and
subwatershed 12, used in the original model for calibration, are shown
in Table C-2. Similar tables were used for the other subwatersheds,

Page C-5 and subsequent pages of this appendix contain a reproduction
of portions of a printout from one simulation run in which the parameter
BMIR was perturbed by -50% for each subwatershed. In order to exercise
some restraint cn the bulk of this report, only portions of the printout
related to subwatershed 12 are included, plus some statistical and storm
analysis summaries for all subwatersheds. Original printouts include

the same data for all 12 subwatersheds. Print plots have been omitted

in favor of SC4020 plots. The symbols "R" and "S" . in the plots signify
reference and simulated, respectively.’
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Table €-1.

Pearl River Subwatershed Characteristics Summary

AVERAGE | LOW PEAK ANNUAL
SWS SUBWATERSHED STREAM| SWS | DISCHARGE | DISCHARGE | DISCHARGE RAINFALL
NO. NAME GAGE | AREA.F ONG [REF. |LONG |REF. |LONG |REF. | LONG |REF,
_ EL.m | km™ I7erm Ivear [TERM |YEAR |TERM |YEAR | TERM |YEAR
| PEARL RIVER AT EDINBURG, MS 104 2326 | 29.4 | 36.7 | .048 .76 { B89 306 137 151
2 PEARL RIVER AT CARTHAGE, MS 96 | 1163 | 371 | 555 | 88 | 1.22 | 515 | 442 | 132 | 145
3 YOCKANOOKANY RIVER NEAR KOSCIUSKO, MS 114 813 | 108 [ 171 | o7 34 | 546 | 246 | 132 |166
4 YOCKANOOKANY RIVER NEAR OFAHOMA, MS 95 440 [ 174 [ 245 | 14 | 113 | 586 | 286 [ 135 |160
5 TOSCOLAMETA CREEK AT WALNUT GROVE, MS - 101 | 1064 | 132 | 191 | 07 A1 ] o790 [ 166 [142 128
6 PEARL RIVER AT JACKSON, MS 72 | 2222 | 106 | 125 |1.27 | 308 2406 | 848 | 130 |112
7 STRONG RIVER AT DIO, MS 79 | 1111 | 183 | 163 | 34 48 | 702 | 133 |132 |129
8 PEARL RIVER NEAR MONTICELLO, MS 448 | 3913 | 170 | 186 [761 | 78 [1707 | 960 [ 1421 |123
9 PEARL RIVER NEAR COLUMBIA, MS . 1684 | * 204 * 207 | * w08 |147 [122
10 PEARL RIVER NEAR BOGALUSA, LA 168 | 2435 | 246 | 227 |289 |146 |2496 |1030 |150 | 104
1 BOGUE CHITTO RIVER AT FRANKLINTON,LA : 2651 | * 26.3 | * ENEE 270 | 157 91
12 PEARL RIVER AT PEARL RIVER, LA 0.0 | 2525 | 280 | 275 |447 |105 [3246 1095 | 163 | 106
NOTES:  Discharges are in cubic meters per second.’

Rainfall is in centimeters.

Long term annual rainfall is an approximation from weather data,
Reference year is water year 1968, reference simulation run.

*Data not obtained.




Table C-2. Pearl River Watershed Observed Discharge Data, WY 1968

PFRARYL RIVER RASTN

SWS No. 12
2-49260.  Peart River aL Prurl River, Ta.
Igeat loa. --1at 302108, Tong AN440 12 i N!"", sec., T.R 3., RE4 Fop Dt Nedens meridinn, on riphl bank Temi oot downatrenn stde
of West Pearl Hiver brldpe on BL50 Hyphway 11, 900 FL upstream Crom Soathern R lway tem breidEes 0% wl e bpetremn Crom old
chanr: b, ki 008 wlle soribeast of e af Pearl lidver,

DEs jaese wren. --H, 500 an b (Gocheliagg Engt Teoar]l River).

Becwrdy avaidnble. —<Biachirge: Qetnber 1963 Lo Septemier 16, Teldy dischargs Dotoler 1950 1o Seplambee 100 in Tiles orf Corps of
Engineers, Mabile diatriet. R
Gape hedghts: Sinee Jwe €, 1900, in reports of 0.5, Wealher Barenu. Oct. 3, 1899, o Moy 31, 1'a¥, (enllected Ly Conthuern

Raflway System) on file ot the LS, Wenther Durems, Meridian, Miss.

Hupplementory water-seapee reeorder since

Gape. --West Pencl: Wikir-stupe recorder, Dulum of gage 1s 0.90 ©1 above maan aen leyel.
batum of auxiliarvy papge in

June 18, I'Pv, 500 PEodosnzslreenm ob sane delam.  Auxjliney wnlor-shage recorder P4 miles upeiremn.
enen sen level.

Eagt Pesrl:  Wnler-gtage recovder used (or guge heighta belos 13,5 Lo Datum uf gage Is meun sen level. Supplementary statr
guge 7.4 miles upstrenm at o same dadun. Auedlinry enter-stage recorder 6.5 miles downstream. o Datue of sucdlinry page js 0.12 T
Lelow gean sen tevel.

AEY lewi 1o by Corps of Engineers, datum of 1929,

Avernge digolnre.-=5 years, BoAR7 ol

Max imun Jischarepge during yoar, 31,000 gfa Jan. 5 (page height, 14.47 (L); minimm daily, 2,150 iy Nel. §8, 149,

Mo imum sunes reparted by LS. edher furesi, 1806 TL Mars 10, 1921, meximam stage veperled by Whe Southern 16 lway fystem at
raiieond poge, 10 T Ape, 1 J90 Fliod o I8BT4 reached o stape of 2002 T4 (Murpished by Corps of Fagineeres).

Kemarks . - -Records goots Rensrda of dindly digehny
Flew iz nffeeted by Ride bedow naboub 4,000 efs.

Gogrulivn. --Gage-heipghl record, 3 discharpge mensuremcnts, and computaiion of delly discharge furnlshed by Corps of Engineers;
reviceed by Geolopicn] Survey.

AR Muxinom dinehnepe, 114 7060 ofs (gage helght, 1761 L) Febo 18, IFd; minimum dnily, 1,580 ofg Oet. D4, Hov. 10, 1963,

: wre the eombined Flow of the enlire Flood plain of Lthe West and East Pourl Rivers.,

recoriy

DISCHARGE, TN CK3, WATFR YEAR OCTOBFH 17967 TO SEPTEMBER 1068

DAY ocT NGV DEC JAN " FER MAR APR MAY JUN JIIL AUG SEP
1 2,400 3, 180 2,550 20, (00 16, 100 £.060 1R, 200 Gy W0 FRIEY 2,730 3600
F 2,400 3,310 EN ] 27,000 14,900 1,230 17, 60%1 10, GiX} 9, 300 22700 T.280
b 2,470 3350 1,910 2, 0 14,500 T4'7H) 17300 11,00 B 80 2400 1,000
4 2,450 3220 2,650 24,200 14, RK) 4,270 17,300 EL, 81X ToA0 2,430 3,10
5 2,430 1,270 2860 36,100 146D 20170 1R, 200 12, 300 fry 1003 2.4 3,110
5] 21370 3,270 3,80 11,200 14,7900 3, SR0 14, 51X) 12,400 5,680 2,870 3,020 2,020
7 2,30 3.0 E 21, 71HN 12,900 G, 260 19,400 12, 400 YL 3,010 2790 22010
a 2440 2,800 3.0 27,200 11, 100 U A0 20,000 12,600 b, 120 3,400 2,072 2,760
g 2,310 2,500 4170 2%, 00K} 9,450 5190 20,100 12,60%) L, 80 3,480 2,580 2,070
10 2. 280 2,440 243N pi-P 10 ¢ B, 5200 7,140 173, KD 12,210 PN 3,280 2,500 12,730
11 2.2%0 2440 KL 23,800 B, 030 4, Y70 20, 100 11, 500 Ay 30 3,040 d240 2,500
12 2,210 20420 #, 70 23,300 7,870 9,700 1%, BOO 10, 500 4+ JUK) 2,10 2,470 2,40
13 2,200 #0310 10y EEERIVH] 7ahingy 10, 600 20, 200 M, 990 FARES] 2,00 2.870 Za )
14 2,200 2,280 11, 18K 24,100 T2 1, 100 21,300 16,100 4, 000 2,750 1,000 2,320
15 2,230 2,280 11,200 24, AN 6. B 9,000 22, 100 11, 800 3,000 2,000 L, 2,390
16 2,370 2. 340 Hy ) 25, 2041 6, 470 8,920 T 22,500 13, 700 3,640 2, 690 4,790 Zent
17 2310 2,711 U, 24K 29, 'KN 6,220 10, 400 23, 1w 15,200 1,900 2.6 4,320 2,510
12:] 2000 2,240 1,000 26, KK G, 160 11,400 22,800 16, 200} 3,380 ER T 4y 2000 T KD
13 1,150 2,280 36, 000 26, B 6, 300 12,100 22,300 16, M0} 3, 180 K] &y 130 1,080
20 2250 240 2800 20,900 t, 1) 12,200 21, 500 17, 3,000 A0 4010 4, 0N
21 2,320 2,480 2y a0y 20, 900 71480 L1, k) 20,500 IVaTARY 3,050 3,080 3,49 4 180
22 2,414 2,090 20, 400 6, 500 7,540 12,100 18,300 L, €400 a1 3,10 3,400 3, Hvit
23 2,470 2,250 24, 2100 20, 50 7,14 13,700 17,500 145, (KD 3000 3450 NI 1,510
24 2,400 2,200 23, N 76, 400 0, BEG 159,200 15, 1% 14, Rty 4 00X) 3,00 3,510 1,170
4] 2,430 2,250 73, 20X) 06, 500 0, 570 17, 5130 13,110 14, 4tK) 4y 200 4 H90 3, 940 2,120
26 2.310 2,210 24,10 203, 400 i, 550 1", 1) 11, 402 19, 000 £, 210 £ 1IX) 1,040 2080
27 2,110 2,200 23BN 29,800 6, 570 20, 10 16, BLO 13, %00 ERLL 3,750 ERRTAN 2,700
2R 2,280 2,410 24,000 24, 00 6, 6060 20,71 10, L) 11, 500 T 40 3,250 3,130 2,008
29 20470 2. 4HL 24, 0 22,800 Mty 20, 406 8,410 10, 40 1,210 1,140 3130 2740
30 2,020 2,020 25,440 20, /00 14, K B, 440 W, Y 2.8 RN 3,140 AT
1 Lo Lo 261, 100 i, 19, 100 ——————— | PO LY . 1,35 R Y R,
TUTAL 74.130 Th1e0 424,800 803, LO0 263, D00 IR0, 00 536,950 Ius, L F40,000 o, 106, 400 A%, 370
UFAN 2,341 2,971 13,0 25,900 9, 064 12,260 17,898 12,800 4,60 3,125 3,432 2,040
MAX 3.3 3,150 20, M0 31,30 16,100 20,700 23,100 17 40X 9, I &5 3l 4K 4,200
MIN 2,150 2,10 2510 18, 70 G, 160 6,700 2440 H, 70 2,800 2,620 2,430 20320
CFIM .27 2299 1.60 E 1.06 1.43 2.08 1.50 s L3y LA L33
IN. -3z .33 1.R4 .48 1.14 1.0 2.32 1.72 A} W42 AT 37
CAL ¥R 19G7: TOGTAL 2,434,350 MEAN 0,724 MAX 30,800 MIN 2,050 CFsM  0.763 fH. 1o.02
WAT YR 1708 TOTAL 3,340,450 MEAN . 9,253 MAX 31,200 MIN 2,150 GlisM 1.08 N, 14.65
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Sws12 *PEARL RIVER NR PEARL CITY, LAs SWS 12 (8590 S0 MI) wr &8

- *CONTROL GPTIONS (BALANCE OF DATA VARIES WITH SPECIFIED DPTIGNS)
ELLY (2)  (3F (A} (S) (6) (7)) (8) ({10011 (12} (13)(14)C18)(156}

- 8- -1 -2 1 1 1 o- 0 1 -0 -0 - 1 0 1 3
* TIME — AREA HISTOGRAM DEFINITIAN

~* NBTRI— BTRI(1} {(2) (3 a) - (5) (6) (7 (8 (9¢ {10}
57

20060 «0060 L0060 0000 #0060 0060

v 0l05 <0105 <0105 L0105 +0105 401085

«0171 -e0171 0171 L0171 L0171 G171 . R

«0342 20382 L0382 40342 L0342 L0342 :
~s0B52- 0362 20352 L0352 L03IG2 L0352

+0299 40259 L0299 0299 L0299 L0299

20124 #0124 L0128 L0124 L0128 L0124

20062 L0092 0082 L0092 40092 L0092

«Q00ST #0097 0097 40087 «0097 &40097-

20050 20049 L0089 - :

- 390004 * OQUTPUT PARAMETER ~ HMPF, IF ANY DAILY FLOW EXCEEDS RMPF
* WATERSHED PARAMETERS -~ RGPMB — AREA = AREARW - FIMFE - FwTR
0w 0830

* S0IL MOISTURE PARAMETERS

1«0 2750 859040 Cu0£9

E -VINTMR=BUZC= SUZC = LIC -~ ETLF - S5UBWF — GWETF= SIAC =~ EMIR « BfVF

CelS Qe 50 «AD Te 00 Qa 20 Oe 0 : Qe O O 60 60 0el0
* OVERLAND FLOW PARAMETERS ~ OFS5S5 — OfSL = .OFMN =~ OFMNIS =« IFRC
s 017 £914.0 0066 0,015 Oet15
#CHANNEL ROUTING AND GRUUND WATER PARAMETERS ) :
* CSRX - FSRX - CHCAP - EXQPV - BFNLR = BFRC
- 0e26. DeSE& 3IF000s De25 G BO 0.96
#MOISTURE STORAGE VALUES - GWS - UZS = LZS -~ BFNX = IFS
- - - 0s 07 - Oe 30 30D QeSS0 0l
* STORM ANALYSIS CONFIGURATION wY 68
0 .
Oed
- Oa®
S *{JULDI) NUMBER OF JULLIAN OATES REQUESTED FOR RUNOFF PLOTS OF

ERT - ¥ HOURLY OBSERAYED AND SIMULATED STREAM FLONWS. .
101 166 21 1&9 130 159 224 165

.7 &8 YEAR]1 ~ YEARZ2

51-F 1)

LEE K B 2R R 2

1070 ¥ MNRD, MECAN ANNUAL NUMBER OF RALNY DAYS

EVAPORATION DATA - PEARL RIVER SWwS NOs 5 WY &8
I¥ CONOPTI1I1=2 ANNUAL EVAPORATION TGOYAL IS PEAD
EPAETy ESTIMATED POTENTIAL ANNUAL EVAROTRANSPIRAT ION
IF CONDPT(1)=2 MEAN ANNUAL NUMBER OF RAINY DAYS IS READ

* STREAMFLOW DATA - PEARL RIVER SWS NOs 12  wY 6El

% MEAN DAILY OBSERVED STREAMFLOW IN CFS (REFa)
37 36a = ™ 364 = ™ 985. IT6s 1068.
1019, $56a 9%, 998, 1035, 1105. 2136 2048,
1310. 15204 990 ST 0 T2 i 1-1. Y 9l1he 992,

£643,. . )
A£393s 3057 2922, 3336 23T4h . 1959: 1841, 1516,
“1T28%e - t3ATYe - 17934 1800, 1785, L6926 18603 -134d,
885 84T A13,. 7804 T4 Be TE23e T 09 BETEs

- -%82s  -58Re -~GAle 5230 677e - 12862 2133y - 1581 -

7397« 6099 4423, 62485, TO35. 6312s 61084 B8TA.

TTYE0ATe 172224 23982 25164 26134s 2597i. 257 354261586,
3l2at.

- -29€21s 31299e--31526s 3095ie 3276569 32630 25781y 21668,

26443, 24291e 22250, 23100s 25853, 26832, 25835, 25557.

2801 Te 289G4y 305320 I3 31 38599 36626.-563#‘1m229§9r-

16667,

~—37148s 17525, 17256+ 172844 16109+ 20292s 22140s -20T738. .

14564« 14201, 13361s 12501, 11612 1174#8e 11167« 10984,
9B TGe 9836s- 105365 10328a 9549, F76ESa 10413 11293

C-5

1257,
1220 4
1647,

" 1503,
1083,
638 4
938
16732,
ETS59F

21925,
2€176a
18978,

175404
11434,
124504

(REF o)

1130
1388,
A285,

1357
Q4T
507

:3612-
18578,
29243

25186,
256540,

i7110s -

15217
10308,

LAST TwO DIGITS IN THE CALENDER YEARS OF THE WATER YEAR TO BE RUN

27

28

29
*acCT
*0CT
*OCT
*0CT
*NOWV

wNOY

*NOV
*DEC
*DEC
*0EC
*DEC
* AN
®JAMN
= JIAN - --
& JAN
*RES- -
*fFER
BFER



12910

12130

10342,
15627
166224
1A S538,
22780
13A212.
15599,
LY
105568,
10625,
PS80,
4413,
337G
2731,
19659
191 3.
1547,
1245,
1410,
1585,
1074,
1354,
2382a

“WBG
0012
2012
oQr2
0012

TPEARL. AIVEP NP DEARL CITYs LAs

YR
&7
ET
&7
&7

(REMAINING MOURLY RAINFALL DATA INTENTIONALLY AMITTEDR)

11401. 115655,

13014,

136848,

156719,

17483,
240254
1BEST.
12988
14154,
15159,

T762a
60486,

4334, -

3658,
2262
2703,

2797 »
2486 ¢
157 1.

10544
(19 9
B4B,

116485, 12001,
12055« 9899 -
22017« 25212,

22T46. 27523,
2067Ss 21250,
16064+ 14087,
121284, 13302a
13594, 12385,
12399s 13717

73658, 7369,
5656 5308,

4695 4506,

3993s 3900,
2284« 2063
22T6e 26526

2807« 2480,
2838, 2900s
1543, 1765,

1255, 1742
12544 262,

T55e

667

PEARL RIVER 3WS NOs 1

CURRENT DAY OF THE MINTH (i =
AsMa 3 CN = 2 FOR PeM,

HOURLY RAINFALL
0«00 Q400 D228
Ce00 000 Qs0O0

Qe0Q7 0e Ol 0202

12802,
13394 124264 13107,
12671a 22024, 17523,
14418+ 15108s (4860,
13233« 17517 237886,
21192« 21542, 21105,
13089 13505e LAL1A0,
176894 18754, 15954,
158%0, 1606804 14909,
10263, 9083, 8302
TBEEs TA73a 6561 2
L7808 4920, A ady by
3EES, 3729+ 3765,
2787, 25664 2198,
2484, 4207, &181.
2398, 2683 2225,
1383. 1731 19G4,
1222, 1207 1300
935. 1113, 1254,
1138, 981, T0G9.
2381, 1633, 53
* RATNFALL CATA -
¥ NSGRD
E
| 3
*
*
* MONTH.
® DATE,
¥ CM = 1 FOR
MC DY CN
10 8 1 Q.00
10 16 1 De00
10 t6 2 De1l®
10 30 1 0.00

0sQ0 0800 0102

TOTALS IN
OeQ1 0Oe0}
0200 0000
O0s01 QeOL
038 Cu 05

* STORM DATA = PEARL RIVER SUB wS NQe

1e0 85S90. 159
la GEleQ 9B81a42 ¢
CETeT SC€EeH C61a8 95945 922.7 92047 89529 59740 87404 B3348 048 48 BSERal BB 40

CR20u8 9651leF 99148 105340 11028 115842 121000 126Ge2 135545 1840927 146647 15113

15E%e 2
1% ¢ 5
EO15e B
3l Fal
FOlwe3
EGEGg
¥113.1
fRACE oK
EDaDy 2
FS0Ee8
Z177a9
J2E2.8
2hZ3e2

162+ 48
1865, &
264" 40
J03Ledr
Bl1BE, 2
B6EE oy
TE7E. 2
£TI228
3CE7a9
2C2Fa7
3234 49
d1s2et
RELTL T

-1 1

1683, 3
1480, €
26T Te 2
216646
R3&T7« 8
£911.8
T 0ABe O
*22%a 0
29724 0
2643, 1
2253, 2
30824 2
2ERQ. 0

17005
150445
270840
3283,5
S3ME2.8
69554 4
6859, 8
408940
314646
273842
3687349
3057.0
269847

:

174340
15944 5
276085
34Q3e 6
L7902
7084.0
6615e1
3908.7
30984.9
2731.7
35301
272645
2892,3

1755« 8
1£58,1
27953
3831.1
603 %. @
Ti16594 G
636345
IT5He %
3033. %
279%: 5
A5B0s 2
270942
3000.8
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178549
17734
28894 3
3681+ 5
G282 5
7231« 6
613061
35620e 6
29729
2868 . 4
I5T8e 6
26124 2
2985. 2

3

11911s 119954+ 1
B630. E360.
21925 18134, 1

28797« 24503, 1

1729
G031
T713.

9934,

28062y 30492, 275809,

13297s 14116+ 1
15246 16044, |
114784 11174, 1
14290e 137794 1

B209. 9235,
4957 #7309,
331%« 3240,
3341. 3128,
1231. 1986,
2738 213%

1720, 1255,
28244 1555,
1826, 1865,

2182, 1745,
4757 3785,

TT7Te 1189,
2 wY 68

HOUFLY RAINFALL TOTALS FROM BASE RECORDING GAGE
NG CARDS REQUIRED FOR FERIGDS WITH NO RAINFALL
WAGy NUMBEF DOF WEATHER SURE AU PRECIPITATICN CAGE
YEAR, LAST TWwU DIGITS JF THE CURRENT YEAR
CURRENT MOMNTH OF THE YEAR

CHRONALGGICAL ORDER

000
D+00
001
OelS

12

SW3S NJelZ (83530 SQ.

0e80 0e01 0400
0400 0400 0400
023 0a16 0409
Oe24 0425 018

wY 68
MI) YO/28/67

121545 1393468 1411.8
186042 2348.5 2ABALY
281983 29456 2685.8
38051 411548 425643
EL65.6 AGBT7.T £377,2
72127 T18Bs6 T096,.4
$90440 569843 S4T 8.0
3E5347 328048 310142
2915.0 29038 250846
204140 3020.2 308143
35304 3LEGH.E 342045
26340 256142 258548
30501 30G8.3

G3110.
50304
2205
1482,

GET2e
4578,
3874,
2799,
1987,
2142,

1204,
1430,
2056,

1220,
2h34.
12044

O0e00
Q400
Oe02
0a07

000
De22
Oal1
[+ ]

RMAR
*MAR
*MAR
kMAR
kAPR
*APR
*APR
¥ MAY
kMAY
EMAY
*MAY
*JUN
*JUN
*JUN
*=JUL
®JUL
*JUL
*JuUL
¥AUG
#AUG
kAUG
*AUG
XSEPR
wSEP
*5EP

33

B

1428, 2
2hE9. 6
2788a 8
LT A6 2
676248
T2« B
53131
267G, T
291Gas1
313044

332640
26194 2



YPEARL RIVER NP PEARL CITYs LAe SWS NDe12 (8550 S50 MI) 01/21/68
leO -8590a 169 - =%t - -~ : - e e R -
1,0
CETR5%e5 273TIaEB 274513 275594 2T 64049 2TT28w0 277559 2784 Te & 2782646 27872a7
ZTBA0e2 27EBTIeS 2792046 2797463 23034a3 281158 28183.9 282870 2839884 Z28445.8
EREIT I 2E6T5e6 - 2ARTA. 0 2889F a5 28922. 8 2B595Te 8- 2095040 E2AG61+8 289A3.7 20983+8
Z8SE0a% 2900247 2B903,7 268917eZ2 29796: 3 287925 2879F.1 2880640 2882644 2B8S%9.1
CERSE Ze 8 E2RRGH0 PEBFI2T et 2095640-2311 L 6- 2315201 2933148 2981945 20512.8 296181
ESETSe2 257368 2975542 2986301 2993Fe4 30041+3 300428 30185e5 3013146 3022249
“3033047 30«53e I3 305E5: 86 F0VIELT 3091254 310617 3123249 I1381e86 IFIB25eS 317510
219788 32119eC 3I22%W2 40 3235900 320T4e 9 3260249 327391 3290445 33075e7 3327%1
33397 a% 3362303 3369583 I3943e7 F4205a-5 3444266 IATOG2 - J492240 3517Ted 354675
2ET48,45 35CCA4T 3E34A, 2 3658142 3568583 3T120e1 3735247 3757T%el 37760e2 378876
CAFGETeT BT Tet 381 6590 3020789 I3IF2¢¢ IG5y A4 -IBEET+F IBT10e0 3088%5.% 3860449
3531110 3972248 39319s1 3037843 39395:7 393864 3IPAT241 34707 I9521e1 3I0436.4
A92€Ge T 09047 3PQ 1343 3IBTAA L8 38582+ 8 38300¢d-3814 7«7 378893 37504,9 3722148
ARRE1 el IETEBeS 353430 3610797 3I5BThe]l 35653el1 ISA3Be7 3521649 3400445 3474648
2465347 643845 IA299¢ ] IN0OTAe2 338324 ] 3359248 33385348 331172 I2879,8 3I2632a1
2235346 320780 3167652 3138042 309786s 5 30645, 8 303081 299616 296112 2926001
EFESG S - POEL Dy F 20T Fw 027 TFReT-- 2750 ln 3 2711 86— 26A3T7 03 264798 -
+PEARL RIVER NR PEARL CITY: LAs S¥S NOWl2 (83590 SQs MI) 0Sr09/58
1sl  PEG0s §EF =% -1 - --- e e o e e e e -
1s 167570 168155 1689848 1698045 169438 16938,0
168876 1652303 154697 [645Ted 159T2¢ 3 15901e 3 1587242 1581001 15885.8 1562041
1536540 1521468 15118+4 1499943 135313, 0 151954 15853,0 1551543 15208848 1547840
158593615246 1le0 1555047 1556he6 156629 F 15678l 152688 1532887 1871543 14593,2
14532,0 104THe? 14484041 1436548 133354 1430347 1433848 1444243 1249650,5 15018.7
15557 49 1564945 1558047 1571642 157515 15854l 1595445 150613 1600144 15992,.,9
1548063 15424,8 1491963 14873¢1 119635 1500T7a5 151813 1520440 15281eB 1532649
1S40€20 1545Ts7T 15A9645 159302 16466 3 165519 1662227 167309 1682827 1702441
1728337 1784244 1TESCe I 177175 174170 A 1745740 1707761 1706068 1720442 1730449
ETHEG 5B 1T Pk L TRETSS 18011 ed 1813252 181083 1856T42 185T3+3 190868:3 191783
19256541 19380948 1940343 1946348 13502¢ 9 1954349 19530841 19567el 192045 1920345
1366825 1B60Ted 18538e3 184853¢6 1884025 1832508 182455 18157e9 181065 179975
1826500 1R15740 185703 18308,4 183788 18241el 1805044 17B6T+5S 1758041 17488,2
1724747 1706326 15581347 1631241 155012 - 1834 1eD 1514248 150224 184F962a7 147968
1464341 1449845 1840945 1428148 13ET78: 5 14569, 7 1509062 151345 1511643 1509043
1501 T o6 H4STIe5 1ABGH S 1481544 14600686 14861-1e 114223747 1417147 13584+5 135601
135797 13Z4241 1356246 135725 1353302 134854 1352643 1351047 130787 138793
1440 Fad 1424580 : : . - - - -
2#PEARL RIVER NR PEARL CITY: LAe 5WS NO«1Z (8590 S5Ga« MI)} 08/11/68
100 - 85%90s--169 -1 -1 - R -
1a 16562
1HECH - 1ERTw T - 16130 1598w2 16072 153647184940 16210182748 142643 136941
13517 14257 148745 151243 153649 151562 15551 153546 15483 15298 161762
173089 170445175200 17208 1 7260 -16T1al 150598 1442.:8 14131 13198 1283,6
11707 10850946 104849 103942 105307 105768 109949 [185e7 12T6a7 1321a8 19198
1408096 160103 17092 171908 -172F7el 7079 1TIT6 17 T2e2 181640 1768.8 17958 -
13085 141308 132762 122748 1231084 1205e2 13164 18408¢3 152345 15231
TR O 187 3ud PIBO« F-BAADOe3 25T8e2 2T22e 0 2768 PT98S-2T50e1 279322 2779 - -
276848 26BA 49 2568245 162861 154705 139345 124046 11992 118245 122042 12375
18568 126490 135127 136094 2306e1 240243 2500 7 2618w 5 2620s1 262343 261069 - -
261245 25966 Z2581e & 248841 248041 15364 165008 168948 16965 17934 1893,7
203049 213809 2PS50r b 234492 250307 25515 36509+ 0-36080+0 3782¢5 3934.6 39887 -
198345 JETHed AT7904 T 3T16e4 3648e% 350742 345647 23697 230Ge7 21B249 2053.9
~2Oh I 206y T 2ildw I 212582 213Te7 21458224341 22535 330094 33200 34184
350Tel I80946 340Te3 3301e86 3205.7 31107 303948 289949 2865.6 203725 207142
"ZO03E 2 197486 201193 204353 218248 23002 ESET 60 2TANZ2. T POTELT 308946 3\99‘.‘2
201386 4078eB 414642
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YEARLY STATISTICAL SUMMARY

ONTHL Y . DAILY
REFERFNCE SIMULATED C ) " REFERENCE  STMULATED
MEAN 29667341 ANIN6T, 81 : 9725.67 - 93899, 84
MAX MUY 2315285, 00 373819,19 38699.00 , 44996, 41
VAP IANCE D.676F 11 0.752F 11 0.839E 08 0.102E 09
STANDAKD DEVIATIUN 259945.13 274212.31 ) 9160.4T 10113.09
SUM OF (REFERENCE - S[MULATED) —63902.44 T ~-63907.77
ROOT SUM SUUARE - _ 116637.75 . L . .33742.83 . _ . _ .
SUM SQUARED 0.13 4.99
SUM SQUARED (IRM METHPO) c.tz 77 - T 4.92
CORRELATEGN CUOEFFICIENT 0. 9930 | e . . 0.9882
SUMMARY OF MONTHLY AND ANNUAL TOTALS
ocr NOY DEC JAN FER AR APR MAY JUNE _. JULY . AUG  SEPT._ .  ANNUAL
CPRECIPITATION 3,170 0.840  8.750  2.490  3.530  3.270  3.025" 1.080 '3.700  5.430 4.1950  3.420  41.890 IN
EVE/TRAN=-NET Z.166  1.521  0.958  0.807  0.840 1.173  2.485 3,663 4.758 5.720 5.157 3.575 32.826 IN
—POTENT IAL 32333 1.761  0.996  0.812 0.848 1.173 _2.749 . $.231 6aT1l _ Tu455  _T.709 5,667 __ 44,427 IN_
SURFACE RUNDFF DelB60.163  1.072  2.025  0.686  0.714 2,097 1.631  0.778 0,479 0,373 0.233 10.638 IN
INTERFL O 2.9 n.9 0.326  0.264  U0.100  9.355 0,191 0,024 0.000 0.0 0.C 0.0 1.261 IN
BASE FLOW 20958 Caill  0.703  1.581  0.635  0.953 0.592 Q.367 0133 0,080  Q.080 _ 0.064 _ _ 5,350 IN___
STREAM EVAP, 0.066  0.073  0.067  0.065 0,068  0.09% 0,204 0,214 0,173 0.226  0.213 0105 1.569 IN
TOTAL RUNUFF(SIM) 0.177  C.200 2,025  3.805 1,553 1,920 2,677 1.809 0.738  0.333  0.240  0.191 15,687 IN
TOTAL RUNCEF(REF ) 2.177  9.201 1.626  3.634  1.728 1.878  2.600 . 1.B9)  0.840 0.378. 0.258  0.201 15.411 IN

REFFRENCE TOTALS 40834, 40401. 375682. 839285. 399134. 433852, 6N0511. 436746. 193948. 87222, 59618. 46363, 31559596, CFS
SIMULATED TOTALS — 40842. 46310, 470069, 873819, 358757. 445561. 618424, 4LTT3T. 170391, 76909, 56473, 44207, 3623494, CES

BALANCE Ja6266  [NCHES

MONTHLY FLOW CORRELATION CUEFFICIENT 3o 9930
MEAN DAILY FLOW CORRELATICY COLFFICTENT J. G882



MEAN DATLY STHULATED FLOWS{CFS)

6-2

acrl Ny JEC AN FER MAR APR
1 37. 4416, 550. 32928. 14542, 12670. 14549,
2 . 6. 3044, 5274 36517. 15134, 10844, tal20,
3 - Qh. 2923, . 510. . 35186, ._. 14875, .11154, ..15878.
S - 363, 3323, 4%94. 34037, 15360. 12936. 15273,
e B G T8 243%. .. 04%.. 38034, 16553,  1311k. 18211,
6 984. 2033, 1276. 38506, 19278. 11217, 258838,
7 975. 1313. 2152, 26002. 22279. 11699, 35122,
B 1067, 1580 CI612. 020389, 21153. . 11713, . 34485,
e . 9 —.1456. 1613, 931. 21374. . 17019. 118%4. 255935,
——— 10 1130a. 1463. 37191, 27084. 13723. 1l1lle4. 1RBO3.
11 L019. 1379. 84900. 28771. 12691. 11872, L12692.
1z 995. 1421. BUB&B. 24365. 12200, 1378%4. 11570.
e A 994, 1797..  _5274.. 21834. . 11401. ..12177. L7858,
K 297. 1780, T334, 22682, 1355J. 13346, 25258,
- - 15 1235, 172%. 989&6a  26388. 0 G650, 14860, 2433%6.
16 1104, 1650, 8199, 280726. 9917T. 12480, 20006.
17 2134, 15513, 7339, 25%221. 94T4. 95%4, 218134,
i8 2044 - 1293, 11008.. _25786.. 9203. . 7905, . 30591.
14 . 1218. 103l. P72726. 26T49. 0Tad. 1Tl6, 32721.
- 20 L385..  894.. . 25434. . 24790, 86632, .8713..._29917.
2k 1906, 836, 2Z1761. 29073, 8301. 10176. 23460.
22 1515. 800. 22014, 30451. B423. 12585, 21160.
——— 23 L L9808 .  TH8. - 31413, | 33497, F323. 23943, 2131l.
- 24 Q65. T35. 320l2. 38932, 2255, 17683. 21219,
S X - J— Qb4. 106.. 33136. 44996, 3370. le985. 13038,
26 973, 483, 3574, 40150, 2855, 24230, 15432,
27 932. &67Tl. 31749, 30795, 9T83. 29434, 12575,
— 28 1003. £33, 20361. 19313, 12733. 26066. 1143z,
29 1555, 5%3,  31%4&. 155130 1207d. 1%861. 12364,
30 3255. S73. 34953, 1377%., 18669, 10134,

- 3§ LY TN 33293, 13535, 1501 6.

STMULATED

TaTALS 40842, 46310, 472268, 878819, 358757, 445561. 6lRA424,

MAY

12055,
11088,
11870.
12962,
11894.

10824.
12271.
14573,
15195,

14322, .

14829,
16987.
19205,
1621%5.
13952.

12852,
11376.

. 10358,

100754
11924.

14536.

15788,
16795.
15163,
15098,

14133,
133940,
14200.
1372%.
13735,

9295.

417737,

JUNE

9668 .
747,

8048, -

T102.
6512.

6100.
6078,
T101.
8434,
9217.

B0O95,.
7592,
- 7103,
5698.
5094,

4778,
4426,
4118.
3925,

37971,

4062,

4220, .

3778,
3803.

4077
4001,
3734,
3%82.
3037.

170391.

3663,

JULY

2865,
3050.
3234,
3283.
3185,

3435,

3468,
2921.
2730.
2406,
2350.
2421.
2216.
1856.
1936.

1970.

1759.
. 1539,
1677,
1719,

1711.

2201.
3952.
3926,
24580,

2052.
2461,
2506,
1332,
1953,
1712.

16909,

ALYG

1438.
2188.
2481.
2029.
2603

2620.
2307.
‘1552,
1093,
1246.
1394,
1239,
1595,
1961.
2341.

2750.
2773,
2720.
1455.

1315. . .

1304.

1113.
10%26.
1191,
l464%.

1536,
1689,
1811.
1821,
1°67.
1482,

55473.

44207.

ANNUAL

3623494,

CFsS



oL-2

T NOV

STORAGES-UZS Ja600 a2
LIS 3.64d EPRUN ]

IFS . 0.2 Dl
GWS D087 2.044
INDICES— UZC Dt B4 Telal
BENX 3.2¢5 J. 135
STAM 1.324 0.7%1

- DAILY FLOW 2URATIO

FLOW ANTERVAL

c

{.0- 3
la 0~ 0
l.6- 2
27— 2
4ab- 3
7.4~ 2
12.2-
20.1~-
33.1-
54456~
90,0~

- _1.'1804_
244, T~
403.4-
L65.1—
1096 .6+
LBO8B.. O
2981.93—
49143~
B103.1-
13359.7-
22026,5~

[V AU
. s »

.

LA R I L T T Y
SCOQOoOCLDOOon

oo oW

F I R T Y
S =TV Y R R R A e T

IhG.)

AV ENKER

OEC

0.33)
f.418
Uadl?d
L.204
Ca209
l. 462
Q.502

N ANO ERPCR TABLE

-1.0
-35,3
-30.56
-57.4

-165.3
—-370.1
22.5
—-186.9
=115.0
2330.8
lati.g

CORKRELATICN CUlFS1CIENT (LATILY)

JAN FER

Do J. 296
8.407 8. 707
¢.0

J.029 ..

J.678 D.T46
0.250 0.2%50
D.996 Q.986
04481 Qad 74

AVR. ABS..

1.02
35.31
33.41
75.99

174,70
440.88
1095.15
892,39
1340.33
3375442
905,22
Q.9882

TRENTY HIGHFST CLUCKAUUR RATNFALL EVENTS IN THE
La233 04920 0,643 D.350 0,540 0.530 D.490 0.490 Q.43

TweNTY RIGHEST CLOCKECUR OVERLAND FLAOW RUNNFF EVE

J.335

Ja28U Daldo 24117 3.105

Q

APR

0.342
8.309
D.024
0.503
0,414
0.697
0,864

MAY

ERROR  STANDARD ERRQR.

3.73
35,01
T2.91

127.08
354.38
1264.19
T34.49
2031.32
271525
171715,13

WATER YEAR

JUNE J

2.076
5.028
0.0

0.074
0.3907
0.147
1.497

uLy

0.213
4,634
0.0

0,073

0.975

0.115 .

1.614

AUG

0.0

3,887
0.0 ..
0,047
L.0t7?
0.075
la663

SEPT ANNUAL

0.0 K

3.723. IN
Qal. .. . .. _ _IN
D.056 N
G.739
0.078 ____: . _.._ .
1.463

3 0.470 0.450 0.410 0.390 0.380 0.380 0.380 0.360 0.360 0.360 0.350

NTS Ik THE

WATER YEAR
2132 2.09 0.090 0,077 0.0275 0.068 0.065 0.062 0.0%5 0.054 0.054 0.052 0.052 0.047 0.062



LL-2

- DATLY SOIL MOISTURE .
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PEARL RIVER, LA, (859

0 SO MI)

STORM  10/28/67
REFERENCE SIMULATED DIFF  ZDIFF
PEAK(CFS) 1298.8 7310.0 12.20 0.2
ANNUAL
PEAKLCFS) 1655200 . ..
PEAK{HR) 93 95 2 2.2
RUNOFE(IN) 0,987 740989 9400902

PEARL RIVER, LA,
REFERENCF
PEAK(CFS) 39521.1
ANNUAL
PrAK{CES)
PEAK{HR ) 119
RUNOFF(IN} 049799

{8590 5Q M1)

STORM  0OL/21768

STUDY RWS1
TANNUAL DIFF
_ 041
D2

STUNY RW5]

C-12

SIMULATED  DIFF IDIFF ZANNUAL DIFF
4626649 6745.,90 17.1
1655000 . . - 40,8 . ..
. _114 -5. ... 4.2
1.0682 0.0883.._ 9.0



PEARL RIVEH,

PEAK{CES)

ANNUAL
. PEAK({CFS)

PEAK {HR ]

RUNCFF{IN)

PEARL - FIVER,

PEAKI{CFS)

ANNUAL,

PEAKLCESY . .

PEAK(HR)

RUNDEF( IN)

RWS1L

RW51

LA. {8590 S MI) STORM  05/09/68 STUDY
"REFERENCE  SIMULATED  OIFF  ZNIFF  TANNUAL DIFF
1956741  19836.4 319.90 1.6

16550.2 e 1.9

104 104 0 0.0

04872 0.4764 7.0108 2.2

I A. 18590 50 M) STORM  08/11/768 STUOY
REFERENCE SIMULATED  DIFF  ZDIFF  X&NNUAL DTEF

4166.73 405644 -109.30 2.6
~ i 1655049 DT
168 168 0 0.0

Ja064l. 0.0599 . 040042 . . Geb

C-13



REGIUNAL WATERSHED TOTAL DAILY STREAMFLOM)STATISTICAL SUMMARY FOR 12 SUB WATERSHEDS

:

“MEAN CMAXIMUM. VARTANCE  STD°  SUM  ROOT
: S DEV  OF SuM
e [CESY) {CESY s e R=S5__ .. SQUARE
SUB WATERSHED + 0 v
REFERENCE WY 68 - 1295 L0R24 0,.25T7E QT 1602

SEMULATED . . 3312 .....16800..0,4126 0F 2030 =p1B3._ 11635

. SUB KATERSHEN 2 e

REFERENCE WY 68 . 1959 15621 0.574E OF7 2396 -
STMULATED ‘1988 20559 D.866E QT 24842 ERkXE 15290
SUB WATERSHED 3. e ’ .

. RFFFREMCE WY £AB 02 8699 0., 69 (A a716 .
S TMULATED 612 12258 0.1206 07 1095 -3544 5768
SUB WATERSHED. & )
REFERENCE WY. 68 865 ___ 10121 0.138F 07 1172 .

. SIMULATED RIS 13142 _0.206F Q7 143% —5349 7154

L SUB_WATERSHED 5 : I o
REFERENCE WY .68 . 675 .. 5888 O0.807F D6 898 .

_SIMULATED.. .. .. 686. . 8321 0.120E.07 1096 _-4152 5256
SUB WATERSHED 6 . .

_REFERENCE WY 68.. 4402 29958 . 0.257E 08 5065 _
SIMULATED 4480 . 31721 O0.350F 08__5918  #¢*kfT 24993

SUB WATERSHED 7 . T
REFERENCE WY 68 576. 4702 - 0.519€ 06 - 7T20

_SIMULATED . S8A . 5842 _C.B05FE 0& 897  =4294 __ . 4455

_SUB WATERSHED _8 . I I
REFERENCE WY 68 6584 34246 DJARTE 08 ° 6977
SIMULATED 6691 %1231 0.614E 08 7834  ®&k&kks 28704

_SUB WATERSHED § o —— —

~BEFERENCE WY 68 "7??7 35557 D.549E vt r————
"§ EMUL AT ED C7349 41679 O0.681E 08" B253  #eksx 29355

SUB WATERSHED 10. o . .
_REEERENCE WY_68 _ 8010 36403 0.629€ 04 793
~SIMULATED 3]

_SUB WATERSHED 11

9524 0.139E 07

REFERENCE WY 68 927 1178

S IMULATED 943 15437 0.222E 07 1488 ~5633 7961
"REGIONAL WATERSHED T CoT

REFERENCE WY 68 9725 38699 0.839E 08 9160

SIMULATED 9899 44996 0.102E 09 10113  #=kxxx 33747

" £-14

CORR

COEFF

0.9758

0.9774

Q9786

0.981& .

0.9337

0.9872. _

0.9780

0.9882



FEGIONAL NATERSHED TQTAL MONTHLY STREﬁMFLDNISTAYISTICAL SUMMARY FOR 12  SUB WATERSHFDS

MEAN MAXIMUM VARIANCE  STO  SUM  ROOT DRIEST CORR
DEV  DF SUM MONTH #2  CNEEF

(CES)  (CFSy. ~ _R=S  SQUARE  [CFS)

SUB WATERSHED t .. .. . o _ .
REFCRENCE WY 68 39506 102115 0.140F 10 37461 2200 (12}

$ TMUL ATFD 40021 106822 0.164E 1G 40533 -6181 22193 1914 (12}  0.9885
SUB WATERSHED 2

REFERLMCE Y 8. 59766  177911.-.976E 09 57608 . _ 4756 {

STMULATED T 60661 177690 -.471E 09 61834 -10741  3470% 4694 ( 1) 0.9872
SUL WATERSHID 2

REFERENCE WY €3 18391 62597 2.327F 0% 19604 _ 1511t 1)
SIMULATED .. | 186B6. . 72423 0.472E. 09 21722 . =3543. . 10558 1521 1) 0.9932
SUB WATERSHED 4 . : . A

KEFERENCE WY 68 26391 80511 0.770E 07 27744 2812 1 )
STMULATED 26837.. 92104 D.937E 09 30610, -5348 15908 2785 { 21 0.9914
SUB WATERSHED 5 ~

REFERENCE WY 68 20597 57654 0.437E 09 23912 ‘ 560 (12)
SIMULATED 20943 58737 0.496F 19 22240 —4152 9554 4873 (12 0.9932
SUB WATERSHED & T T T N

REFERENCE WY 68 134289 401045 ~.575E 00 129055 12782 { 2}
SIMULATED 136651 405248 0.1B6E.10 137978 -28340 68476 12360 { 2)  0.9904
SUB.WATERSMED. 7. .~ T

REFERENCE WY 68 17582 54248 D.284F 09 16838 1112

STMULATED 17940 57904 0.326FE 06 18054 -4294 6976 1101 { 1) 0.9954
SUE WATERSHED & . ‘ . .

REFERENCE WY €5 200823 589726 0.913E.00 187811 ._ ... . .. _ 17468 ( 1)
SIMULATED 204112 604156 0.637E 09 198210 ~39470 92078 17227 (12)  0.9913
SUB WATERSHED S T

REFERENCE WY 68 220437 618703 0.1676 10 200805 18297 [ 1)
SLMULATED .. 224169 629941 0.156E 10 210962 —44190 97736 18369 ( 1)  0.9911

SUB . WATERSHED 1O . . .o e
REFERENCE WY &8 244307 695352 0.118E 10 220086 21190 (1)
STMULATED 248534 7214851 3.1916 10 231195 -50724.. 100928 . 21280 1 1) 0.9923

. T T, B U . [ PR - B Canunan T T AV U P R -

SUR WATERSHED 11 ‘
-REFERENLE. WY..68 _ . 28302 69188.0.567E. 09 _23821_ _ .

_ 3195 {11}
STMULATED 28771 T0937T D.645F 09 25403 —5632 ilin2 2973 (11} 0.9929
REGLIONAL WATERSHED, .. _ . ‘ — e .
REFERENCE WY 68 296633 839285 -, 115F 10 259945 40834 { 1)
SIMULATFN 301957 878R19 —.212F 10 274212 —=63932 116637 40842 { 1) 0.9230

*#— THE MONTHS GF A GIVEN WATER YEAR ARE NUMBERED AS FOLLOWS :
NOO 1 2.3 4 5 .4 I_..8.__3%5 1q Lty 12
MONTH DCT  NOV  BEC  JAN FEB  MAR APR  MAY  JUNE JUL AUG  SEPT

C-15



REGIONAL WATERSHED TOTALE{'HRM ANALYSIS SUMMARY FOR 12 SUR WATERSHEDS

PEAK " PEAK B R/0

C-16

R/0O R/n PEAK PEAK - R/O
(CFS) IHR) (IN)  ICFS) {HMR)} {IN)  (CFS) {HR) {IN) (CFS) {HR) (IN}
B 10715767 21708768 04726768 0B/18768
CSUR WATERSHED 1
REFERENCE WY 68 320 104 0.045 8794 123 1,609 3508 126 0.749 371 95 0,059
— SIMULATED _ 324 . 104 D.045 12048 119 1.887 4088 123 0.761 342 95 0.053
N 10715767 01708748 " o4s26/68 08/18/68
SUB WATCKSHED 2
REFERENCE WY 68 979 73 0.071 15907 111 1.927 4398 119 0.622 524 93  0.055
SIMULATED 972 73 0.071.21257 111 2.395 4863 122 . 0.609 496 93 (0.050
10/15/67 31/29708 04725768 NT/31768
SUB WATLRSHEN 2
REFERENCE WY 63 315 70 0.005 4757 78 2,170 1156 104 0.521 298 69 0.117
STMULATED 325 72 0.099 6010 T4 2.377 1482 104 D0.565 288  £9  0.109
L0/15¢67 01/06/68 04726768 NT7/31768
SUHR WATFESHED 4
REFERENCE WY &5 382 110 2,097 6539 114 2.401 1451 120 0.450 368 109 0.113
SIMUL AT 405 113 0,193 3079 114 2.792 1835 120 0.477 351 109 0.104
10/15/07 3709762 04725768 98711768
SUB WATERSHED 5
REFLRENCE WY 6 202 A4 0,93 5753 8) 1.997 2056 118 0.921 392 108  0.586
STMULATED 201 84 0,036 7033 75 2.092 3613 118 0.93% 384 108 0.087
10715767 91709748 04/26/68 02/15/68
SUB WATERSHED &
REFERENCE WY 63 2501 94 0.J93 20730 117 1.821 14331 128 0.620 1487 94 0.058
STMUL AT ED 2533 94 0,094 39061 112 2.134 15595 123 0.673 1431 04 0.055



10715/67 31708783 - 04/26/68  D8/14/68

REFERENCE WY 68 82 .69 -0,029 4883 83 1.557 1860 101 0.610 343 93 0.127
STMULATED 85 73 0.030 6137 83 1.735 2560 101 0.691 422 93 0.135

~SIMULATED ... 27

‘o8/18/768

SUB HATERSHEQ a: . ) : .
REFERENCE WY 68 2135 QBmhﬂmﬂbQ 35340 .121wu1 433 lﬁﬁjﬁ 163WWO 570 1814 . 122 0,053 .
53___53_‘Q4Q1ﬂ_&2535_ 40 1733 122 0.Q50

08/20/68

10/22!61 o 01;15/es.wm;m;:w;Q

e

SUB WATERSHED 9 , m'“ S
REFERENCE WY 68 2777 ° 86. .0.0 64 “133 1506 195105 118 L04651 2175 135 0.05%
SlﬁﬂLALﬂlmwl*dﬁZﬁﬂz__JﬂLmﬂ;ﬂﬁﬁ*hiﬁﬂl&JﬁE._lA&ﬂE 18191 120 - 0,645 2086.. 135 0.052 .

. 08/22/768

sus HATERSHED 10 ‘ . .
REEERENCE WY 63 _282%__108 . D.QSh,37157 13l‘m1Llﬁbulﬁﬂli_mllI 0,581 2476 138..0.059 .
&LMULAI&Q*_ ,*ﬁm2ﬂ&3__LDB"“ﬂ‘Q§l_&ﬁill__LZh g13 9325 Liﬂm_iLJMiLfm,
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APPENDIX D

RELATED TECHNICAL ARTICLES AND ABSTRACTS

TiW-00-5011
73W 05011. TARGET DETECTION IN AERIAL PHOTOGRAPHY .
AUGUST 1964, ’
KANALy LN# RANDALLs NC
PHILEDY FORD CIRP., BLUE BELL, PA.-

11P. THIS PAPER WAS PRESENTED AT WESCON/64, THE

AJTOMATIC DETECTINN OF TARGETS IN.TACTICAL AERIAL
PHOTOGRAPHY, REGARDLESS OF WHERE THEY MIGHT APPEAR, 15
ACCOMPLISHED VIA A TwO LEVEL STATISTICAL DECISION

PROCECURE WHICH INVOLVES MODIFICATIONS QF CLASSICAL
METHODS TOF MULTIVARIATE DISCRIMINANT ANALYSIS. COMPUTER
SITMULATED TARGET DETECTION EXPERIMENTS PERFORMED ON ACTUAL
TACTICAL IMAGERY PRODUCED [MPRESSIVE RESULTS ON INDEPENDENT
TEST SAMPLES.

AERIAL PHOTOGRAPHYH TARGET ACQUISITLON
CIMPUTERLZED SIMULATION# PHOTDINTERPRETATION

|
TanmoaTRORe AlAA-69-1085. THE ROLE OF SATELLITES IN EARTH ECOLOGY.
AIAA 6TH ANNUAL MEETING AND TECHNICAL DISPLAY. ANAHEIM,
CALLF. DCTIBER 1969.
CASTRUCCID, P
I3M GAITHERSBURG, FSD
ATAA-69-1085

MIST OF THE APPLICATIONS OF EARTH OBSERVATION SATELLITES

ARE AIMED AT IMPROVED EXPLOITATION OF SPECIFIC NATURAL
RESUURCES. IV PRACTICE, THE SPHERE OF INFLUENCE OF
TECHNOLDGICAL EXPLOITATION HAS ALREADY REACHED SUCH A

ST 2E THAT MANY HUMAN ACTIVITIES, ALBEIT IN DIVERSE FIELDS OF
 EMDEAVOR, ARE BEGINNING TO COUPLE. '

ECOLOGY# ARTIFICIAL SATELLITES

T3W4-00-5014 . :
TIW 05014. RECENT PROGRESS IN REMOTE SENSING WITH AUDID

AND RADIO FREQUENCY PULSES. 196%. *

GELEYNSE, M# BARRINGER, AR

BARRINGER RESEARCH, LTD., TORONTD, CANADA-

25P, - THIS PAPER IS FROM THE PRDCEEDING OF THE 3aRD
SYMPOSIUM DOF REMOTE SENSING OF ENVIRONMENT, 1964,

FJRTHER DEVELJIPMENT OF THE INPUT OR INDUCED PULSE
TRANSTENT ELECTROMAGNETIC SYSTEM HAS RESULTED IN HIGHER
PIWERED MINIATURIZED EQUIPMENT OF IMPROVED SENSITIVITY.
AIRBORNE PRIGRAMS IN AUSTRALLA AND THE SOUTHWESTERN UNITED
STATES HAVE PROVEN THE CAPABILITIES OF THE SYSTEM FOR
DETECTING AND RESOLVING GEOLOGIC FEATURES BENEATH

HIGHLY CONDUCTIVE SALINE SOItS. ORE DEPOSITS OF THE
PIRPHYRY. CUPPER TYPE HAVE FOR THE FIRST TIME BEEN

DETECTED FROM THE AIR IN A GCOMMREHENSIVE TEST PROGRAM.
CINTINUING DEVELDPMENT OF VERY SHORT PULSE VHF RADAR
MIUNTED I A VEHICLE HAS YIELDED NEW INFURMATION ON THE VHF
REFLECTIVE PROPERTIES OF SOIL UNDER VARYING CONDITIONS OF
LAYERING, MOISTURE CONTENT AND SOIL TYPE. THE

FEASIBILITY HAS BEEN ESTABLISHEU AND THE PARAMETERS .
OJTLINED FOR AN AIRBNRNE LOW LEVEL TERRAIN SENSING SYSTEM
UTILIZTING VHF PULSES. '

REMOTE SENSING# AIRBORNE DETECTORS# RADAR
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T1W-00-5015

TIW=-00~5028

TAH=-00-~-5029

N69-34879. AN EVALUATION OF CROP AND LAND USE DATA IN A
WIRLD SAMPLE DOF COUNTRIES. NOVEMBER 1968.

BAKER, 5.

ASRICULTURE DEPT., WASHINGTON, D.C.

N69-348T79F NASA-CR-103944

25P. THE MAIN OBJECTIVE OF THIS STUDY WAS TD PROVIDE
INFORMAYION USEFUL IN DETERMINING HOWy AND TO WHAT EXTENT,
REMDTE SENSING MIGHT HELP IN SUPPLYING MORE ACCURATE,
COMPREHENSIVE. AND TIMELY DATA ON CROP AREAS, CROP YIELDS,
COP PRODUCTION, AND LAND USE AROUND THE WORLD. REMOTE
SENSING IS THE METHOD USED TO COLLECT SUCH DATA ABGOUT THE
EARTH'S SURFACE. THIS METHOD UTILIZED OPTICAL,
ELECTRODOPTICAL,, AND ELECTRONIC DEVICES MOUNTED IN
AITRPLANES (R SATELLITES. REMOTE SENSING PROMISES TOQ CLOSE
SIME Of THE REMAINING GAPS IN AVAILABLE DATA, AND TO
FMPROVE DATA QUALITY AND TIMELINESS. IT MAY BE POSSIBLE,
THROUGH REMOTE SENSINGs TO REPLACE SOME PRESENT

METHODS WITA LESS COSTLY METHODS.

REMOTE SENSINGH LAND USE# ATRBORNE DETECTORS

N70-38529. REPORTS, STUDIES, AND INVESTIGATIONS RELATINMG TQ
SATELLITE HYDROLQAGY: ANNOTATED-BIBLIOGRAPHY. JURE 1970.
BAKERy DRH FLANDERSs AF# FLEMING. M

CIMMERCE DEPT,

NTO-38529HF ESSA-TM=-NESCTM=-10# PB1I4072

30P. PRESENTED IS5 AN ANNOTATED BIBLIOGRAPHY FOR A
SATELLITE HYDROLOGY PROGRAM. THE QOBJECTIVE OF THIS
PROGRAM IS5 TO DEVELOP HYDRULOGIC PROBLEMS FROM SAYELLITE
INVESTIGATIONS, REPORTS, AND STUDIES.,

HYDROLOGY# ARTIFICIAL SATELLITES# METEDROLOGY
HYDROMETEOROLOGY# BIBLIOGRAPHIES

TIW 05029, STMULATION OF HEAT TRANSFER IN SOILS. JULY 197¢.
Wl ERENGA, PJ

NEW MEXICO STATE UNIV., LAS CRUCES

DEWIT, CT

ASRICULTURAL UNIV., WAGENINGENs NETHERLANDS

82, THIS PAPER IS FROM THE PROCEEDINGS OF THE SOIL

SCIENCE SOCIETY OF AMERICA, VOL. 3441970. A COMPUTER MODEL
wWa S DEVELODPED TO PREDICT THE TEMPERATURE FLUCTUATION IN
SJUBSOIL FROM THE TEMPERATURE VARIATION AT THE SULL SURFACE
TAKING INTO ACCOUNT CHANGES IN THE APPARENT THERMAL
CONDUCTIVITY WITH DEPTH BELOW SOIL SURFACE AND SOIL
TEMPERATURE. '~ THE MODEL MAKES USE Of $/360 CSMP, A

RECENTLY DEVELUPED SIMULATIDON LANGUAGE FOR DIGITAL
CIOMPUTERS. PREDICTED SOIL TEMPERATURES WERE COMPARED WITH
SJIL TEMPERATURES OBSERVED AT 2+ 10y 15, 25, 30, AND 75 CM
BELOW THE SURFACE OF BARE FIELD PROFILES, BEFORE AND ’
AFTER JRRIGATION WITH 13.4 CM WATER. I[N WET  SOIL

Q3ISERVED AND PREDICTED TEMPERATURES WERE IN CLOSE |
ASREEMENT. IN ORY SOIL SIGNIFICANT DIFFERENCES WERE
OASELRYED BETWEEN MEASURED AND PREDICTED SOIL

TEMPERATURES DURING PART OF THE DAY. THE INCREASE IN
APPARENT THERMAL COMDUCTIVITY WITH SOIL TEMPERATURE HAD A
NEGAYIVE EFFECT ON THE MAGNITUDE OF THE DIFFERENCE

BETWEEN OBSERVED AND PREDICTED VALUES IN THE DRY SO0IL.
ASREEMENT WAS FDUND BETWEEN SOLL HEAT FLUX DENSITY VALUES
PIEDICTEDN FROM THE MUDEL AND CALCULATED WITH THE TEMPERATURE"

DINTEGRAL METHUD. USE OF A DIGITAL SIMULATION LANGUAGE

CAN SAVE CONSIDERABLE PROGRAMMING TIME, AND CAN BE
APPLIED TO MOVEMENT OF WATER AND GASES IN SOIL PROFILES,

SOIL PROFILES# THERMAL CONDUCTIVITY
HEAT TRANSFERE DIGITAL SIMULATIONS IBM SYSTEM/ 340
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T3IW-00-50s17

TiW-00-5034

73W-00-5036

T3-00-5041

N7O-41150. A PRELIMINARY EVALUATION OF AIRBORNE .

AND SPACEBORNE REMOTE SENSING DATA FOR HYDROLOGIC USES.
JULY 1966.

RIBINOVE,s CJ

GEOLOGICAL SURVEY, WASHINGTON: DuC.

N70-41150# NASA-CR-76594# TL-NASA-50

19P. REMOTE SENSODRS ARE EXAMINED AS VALUABLE TOOLS

FJR OBTAINING WATER RESCURCE DATA ON OCCURRENCE, MOVEMENT ¢
AVD INTERACTIONS DOF WATER, AND AS A BASIS FOR CONTROL »
TABULATED OATA PRESENT A BRIEF EVALUATION OF AIRBORNE

AND SPACEBORNE REMOTE SENS(IRS USED IN HYDROLOGY. LIMITED USE
0= SENSARS IS DEFINED IN THE AREAS OF MEASURING PHYSICAL
CHEMICAL, AND BiDLOSICAL CHARACTERISTICS OF WATER

SURFACES, MAPPING AND DESCRIBING GROUND WATER FEATURES,

SNOW SURVEYING AND MAPPING, GLACIDLOGY, GEOMODRPHOLOGY o AND

"MEASUZ LNG LIQUID VAPOR TRANSFER., .

REMOTE SENSING# HYDROLDGYH WATER RESOURCES

REF. NO. 70-13. CRULSE REPORT - CHAIN CRUISE 92.
MARCH 1970.

GIFF{D, J

WJIONS HOLE NCEANDGRAPHIC INSTITUTION, MASS.

REF. NO. 70-13# NOOOl4-66-C-0241

29P. CRUISE 92 DEPARTED WODDS HOLE ON THE 10TH OF

JINE, 1969, A& TOTAL OF NINE MDORINGS WERE SET, THWO QF

w4 1CH WERE TEMPORARY, (A SHORT TERM ENGINEERING MOOR ING
AND THE GLASS FLODAT TEST). ONE LDNG TERM, [SIX MONTH)
SYNTACTIC F2&M FLOAT NEAR S0OTTOM MOORING WAS RETRIEVED.
OTHER WORK INCLUDED HYDROSTATIONS, XBT'S, CURRENT PRUFILE
MEASUREMENTS IN CONJUNCTION WITH THE HYDROSTATLIONS, AND
RADAR TRANSPONDER TESTS, .

MOORINGSH# TRANSPONDERS#H BUUYS

T73W 05036. 2JRBITAL PHOTOGRAPHY: APPLIED EARTH SURVEY

TOOL. 1968. \

WIBBERs FJ -

13M GALTHERSBURG, FSD

g9p. ORBITAL PHOTOGRAPHS MAY BE DEFINED AS IMAGES OF
PLANETARY SURFACES TAKEN FROM AN ORBITAL POINT OF
D3SERVATION, AND MAY BE GENERALLY CONSIDERED AN EXTENSION
OF AERIAL PHOTOGRAPHY TO EXTREME ALTITUDES. AS DEFINED
HERE, ORBITAL PHOTOGRAPHY IS LIMITED TO SURVEY'S OF THE
EARTH'S SURFALE.

SPACEBORNE PHOTDGRAPHYH PHOTOGRAMMETRY# SURVEYS

738 05041. A MDDEL OF WATER. QUALITY MANAGEMENT UNUER
UNCERTAINTY. )

WATER RESUURCES RESEARCH. JUNE 1970. P690-699.
UpTON, C

CHICAGO UNIV., ILL.

THE PROBLEMS CAUSED BY INTRODUCING UNCERTAINTY INTO THE
ANALYSIS OF WATER QUALITY MANAGEMENT 15 ANALYZED IN THIS
PAPER. THE FIRST SECTION DF THIS PAPER CONTAINS A DISCUSSION
OF THE L£OST FUNCTIONS, THE STOCHASTIC PROPERTIES OF
STREAMFLOW, AND THE OBJECTIVE FUNCTION TO BE USED IM THE
MIDEL. THE MODEL IS5 ANALYZED IN THE SECOND SECTION. AN
EXAMPLE IS PRESENTED IN THE THIRD SECTION: AND SUMMARY
REMARKS ARE CONMTAINED IN THE FOURTH.

WATER QUALITY# STREAM FLOW# STOCHASTIC PROCESSES
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Tiw-00-5042

TiW-00~5043

TIH-00-5044

TIW=-00-5045

13W-00-5047

T3W 05042, STOCHASTIC MODELS IN HYDROLOGY.

HATER RESOURCES RESEARCH. JUNE 1970. "P750-755,
SCHEIDEGGER, AE
GEOLOGICAL SURVEY, URBANA, ILL.

THE STOCHASTIC MODELS THAT CAN BE USED TO REPRESENT
GROWTH AND STEADY STYATE PHENOMENA IN HYDROLOGY ARE
REVIEWED.

.HYDROLOGY# STOCHASTIC PROCESSES#H STEADY STATE

73w 05043, 4 TWO STEP PROBABILISTIC MODEL OF STORAGE
RESERVOIR WITH CORRELATED INPUTS.

WATER RESOURCES RESEARCH. JUNE 1970. P756-T67.
KLEMES, Vv :

TORONTO UNIV., ONTARIO

FIAGMENTATION OF MORAN'S MODEL AND DECOMPOSITION OF Irs
TIANSITION MATREX INTD A RELEASE RULE AND AN INPUT
COMPONENT ARE USED TO SIMPLIFY THE PROBLEM FORMULATION

~JR RESERVOIRS WITH COMPLEX OPERATING RULES AND TO DERIVE
THE LLOYD MIDEL DIRECTLY FROM THAT DE MOURAN BY INTRODUCING
TAO SUCCESSIVE TRANSITIONS OF ONE VARIABLE INSTEAD OF A
SINGLE BIVARIATE TRANSITION.

PIOBABILITY THEORY# RESERVOIRSH TRANSITION PROBABILITIES

T3W 05044. DIGITAL ANALYSIS OF AREAL FLOW IN

MILTIAQUIFER GRDUNDWATER SYSTEMS: A QUASI THREE DIMENSTONAL
MIDEL.

WATER RESOURCES RESEARCH. JUNE 1970. P3B3-888.
BREDEHUEFT, JD# PINDER, GF

GEOLOGICAL SURVEY, WASHINGTON, D.C.

A GENERAL SOLUTIDON FOR THE RESPONSE OF MULTIPLE
AJUTFER SYSTEMS TO PUMPING STRESS REQUIRES SOLVING THE
THREE DIMENSIONAL FLOW EQUATIONS.

AJULFERSH GROUND WATER# THREE DIMENSIONAL FLOW

T3W 05045. NUMERICAL MODELING OF UNSATURATED GROUNDWATER
FLOw &ND COMPARISON OF THE MODEL TO A FIELD EXPERIMENT .-
WATER RESOURLCES RESEARCH. JUNE 1970. P862-874,

GREEN, DWH# DABIRI, H# WEINAUG, CF

KANSAS UNIV., LAWRENCE

PI[LLy R

GEULOGTICAL SURVEY, GARDEM CITY, KANS,

A‘MATHEMATISAL MODEL DESCRIBING [SOTHERMAL, TWO PHASE
FLODW IN PORIUS MEDIA HAS BEEN DEVELDPED. -

GLOUND WATER# MATHEMATICAL MODELSH# SOIL WATER

7IW 05057, LEAST SQUARES ESTIMATION OF CONSTANTS IN A LINEAR
RECESSION MDDEL.

WATER RESOUICES RESEARCH. AUGUST 1970. Plo62-1069,

JAMES, LD# THOMPSON, WO )

KENTUCKY UNIV., LEXINGTON

LEAST SOQUARES CAN BE USED FOR ESTIMATING CONSTANTS IN A
LINEAR RECESSIUM MODEL FROM PUBLISHED AVERAGE DAILY
STREAMFLOWS. A MODEL WITH TWO RECESSIDN CONSTANTS HAS
DERIVED AND SUCCESSFULLY TESTED ON A NUMBER DF KENTUCKY
STREAMS,

LEAST SQUARES METHOD# STREAM FLOWE HYDROLOGY
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T3N-00-5048

73w 05048. APPLICATION OF LINEAR RANDOM MODELS TO FOUR
ANNUAL STREAMFLOW SERIES.

WATFR RESOURCES RESEARCH. AUGUST 1970. PLlO70-1078.
CARLSON: RF

A_ASKA UNIV.s COLLEGE

MACCORMICKs AJH WATTS, DG

WISCONSIMN UNIV., MADISON

A SIMPLE ﬁFT4QD FNAR DESCRIBING RANDOM YIME SERIES 15
[LLUSTRATED BY APPLICATION TO THE ANNUAL STREAMFLOW DATA
OF THE ST. LAWRENCE, THE MISSDURI, THE NEVA, AND THE NIGER

RI VERS.
STREAM FLOWH RANDDM PROCESSESN TIME SERIES AMALYSIS

TIW=-00-5049 ‘

T3W 05049. A CRITIQUE OF METHODS SIMULATING RAINFALL.
WATER RESOQURCES RESEARCH. AUGUST 1970, PL104-111l4%.
HalLLl, MJ

[YPERYAL COLLEGE OF SCIENCE AND TECH., LONDON, ENGLAND

"THARFE FUNDAMENTAL PROBLEMS ARE ENCOUNYERED [N DESIGNIMG A
AAINFALL SIMULATOR: (1) THE CONFROL OF APPLICATIDN RATES
IN BOTH SPAGE AND.TIME, {2) THE REPRODUCTION OF DROP SIZE
DISTRIBUTIONS OBSERVED IN DIFFERENT INTENSITIES OF
NATURAL RAINFALL AT THE CORRESPONDING APPLICATION RATES,
(3} TAE REPIDIUCTION OF THE TERMINAL VELOCITIES OF DROPS
IN WATURAL RAINFALL. :

RO INFALLH SIMULATIONN RAINDROPS

TiIW-00-5050
T3W 05050, NONLINEAR TIME VARYING MODEL OF RAINFALL
RUNOFF RELATION,
WATER RESOURCES RESEARCH. OCTOBER 1970. P1l277-1286,
CAIUs CL# HUANGy JT :
PITTSBURGH UNIV., PA,

TAE DEVELOPED NONLINEAR TIME VARYING MODEL OF A

HYDROLDGIC SYSTEM THAT RELATES THE RAINFALL AND THE

RJINOFF IS REPRESENTED BY A PAIR OF NONLINEAR ORDINAHY
DIFFERENTIAL EQUATIONS WITH YIME VARYING COEFFICIENTS.

THE MODEL DOES NOT REQUIRE THE LINEARITY AND TIME INVARIAMCE
ASSUMPTIONS NECESSARY IN CONVENTIONAL UNIT HYDROGRAPH

ME THIDS .«

RATHFALL# RUNOFF# NONLINEAR SYSTEMS

“734=00-5051
73w 05051, MODELING THE EFFECT DF LAND USE MODIFICATIONS
ON RUNOFF. -
WATER RESOURCES RESEARCH. OCTOBER 1970. Pl287-1295,
ONSTAD, CaA
ASRICULTURE DEPT., BROOKINGSs S. DAK.
JAMIESUN, D5
WATER RESOURLCES BOARD, READING, ENGLAND.

THE USE OF MATHEMATICAL MDDELS FOR SIMULATING THE
RESPONSE CHARACTERISTICS OF A WATERSHED HAS BEEN FIRMLY
ESTABLISHED. THESE MONELS CAN HE USED FOR GENERATING A

P INGER PERIJD OF FLOW RECORDS FROM A SHORTER RECORD,
FPROVIDED LONGVERM RAINFALL RECORDS ARE AVAILABLE.

IN ADDITION, SOME FLOW SIMULATION MODELS ARE SUITABLE

FIR REAL TIME FIRECASTING. THE MAJDR PROBLEM 1S DEFINING
THE PARAMETERS OF A PARTICULAR WATERSHED TO CONVERT THE
GENERAL MODEL INTOD THE SPECIFIC.

RINIFF# MATHEMATICAL MODELSH WATERSHEDS

-
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T3W-00-5052

TIW-GU-5053

73W-00-5054

TIW-00-50%5

TIW=-00-50%6

73W 05052. PREDICTING AND MAPPING THE AVERAGE HYDROLOGIC
RESPONSE FOR THE EASTERN UNITED STATES.

WATER RESOURCES RESEARCH. DOCTODRER 1970. P1312-1326.
WOODRUFF, JF# HEWLETT, JD

GEDRGIA UNIVes ATHENS

AN ATTEMPT WAS MADE TO PREDILY THE AVERAGE ANNUAL
HYDROLOGIC RESPONSE (RATION OF ANNuAL DIRECT RUNOFF TO
ANNUAL PRECIPITATION) OF UNGAGED WATERSHEDS IN THE EAST .
3 REGRESSIIN AGAINST 15 PLANIMETRIC, HYPSOMETRIC, AND LAND
USE FACTODRS AVAILABLE ON 9C SELECTED TEST BASINS (2 TO

100 SQUAHE MILES) FROM NEW YORK TO ALABAMA,

MAPPINGH# RUNODFFY PRECIPITATION (METEODROLOGY)

73W 05053. ANALYSIS OF STOCHASTIC HYDRDLOGIC SYSTEMS.
WATER RESOURCES RESEARCH. OECEMBER 1970. P1569-1582.
CAUW,y VT# KARELIOTIS, 354

ILLINOIS UNIV., URBANA

THE OBJECTIVE OF THIS STUDY WAS TD FORMULATE THE MATHEMATICAL
MIDEL OF A STOCHASTIC HYDAROLOGIC SYSTEM AND THE MATHEMATICAL
MIDELS OF T4E HYDROLOGIL PROCESSES IN THE SYSTEM. USING THE
WATERSHED AS AN EXAMPLE OF THE HYODROLOGIC SYSTEM.

HYDROLOGY# STOCHASTIC PROCESSES# WATERSHEDS

73W G5054, & GENERAL NUMERICAL SOLUYION OF THE Twd
DIMENSIONAL DIFFUSION CONVECTION EQUATION BY THE FINITE
EL EMENT METHQD.

WATER RESOURCES RESEARCH. DECEMBER 1970. Pl&ll-1617.
GdyMON, GL# SCOTTs VHE HERRMAN, LR

CALIFIRNIA UMIV.y DAVIS

T4E TWO DIMENSIDNAL DIFFUSION CONVECTION EQUATION,

TIGETHER WITH THE APPROPRIATE AUXILIARY CONDITIONS, IS USED
T) DESCRIBE APPROXIMATELY THE MOTION OF DISSOLVED
CINSTITUENTS -IN POROUS MEDIA FLOW, DISPERSION OF POLLUTANTS
‘IN STREAMS, ENERGY TRANSFER IN RESERVDIRS, AND OTHER NATURAL
TAANSPORT PRICESSES.

TWwO DIMENSIONAL FLOW# LINEAR DIFFERENTIAL EQUATIDNS

TIW 050%55. FLODD SERIES CUMPARED TO RAINFALL EXTREMES.
WATER RESGURZES RESEARCH. DECEMBER 1970. P1655-1667.
RE ICH, B8M

PENNSYLVANIA STATE UNIV., UNIV.s PARK

ANNUAL SERIES OF MAXIMUM INSTANTANEOUS FLOOD PEAKS FROM 26
PENNSYLYANIAN WATERSHEDS SMALLER THAN 200 SQUARE MILES
HERE ANALYZED BY THE GUMBEL, LDG GUMBEL., AND LOG PEARSON

3 METHGDS.,

FLOODSH# WATERSHEDS# RAINFALL

T3IW 05056. DEFINITION AND USES OF THE LIMEAR REGRESSION
MODEL. -

WATER RESOURCES RESEARCH. DECEMBER 1970. PLl668-1673,
DISKIN, MH

SRICULTURE DEPT., TULSON, ARIZ.

A SIMPLE THREE ELEMENT MODEL IS PROPOSED A5 AN
INTERPRETATION NF THE REGRESSION EQUATION FOR THE
RELATIONSHIP BETWEEN ANNUAL RAINFALL AND ANNUAL RUNOFF
FROM WATERSHEDS. .

LINEAR REGRESSIONN RAINFALLH MWATERSHEDS
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TIW-00-5057

TIN-00-5058

71W-00-50%9

13W-00-5060

T3W-00-5061

73w 05057, A COMPARATIVE S5TUDY OF CRITICAL DROUGHT
STMULATION,

LATER RESOURCES RESEARCH. FEBRUARY 19Tl. PS2-62.
ASKEWy AJH YEHs WWH HALL+ WA

CALIFORNIA UNIV.y LDS ANGELES

A SET OF MONTHLY STREAMFLOW RECDRDS IS GEMERATED AND
ANALYZED TU GIVE A SET OF SYNTHETIC CRITICAL PERIODS.

DAOUGHTS#H STREAM FLIWH SIMULATIDN

73w 05058. SOIL MOISTURE DETECTION WITH IMAGING RADARS,
WATER RESOURCES RESEARCH., FEBRUARY 1971. P100-110.
MACDUNAEDy HCH WAITE, WP

KANSAS UNIVa.s LAWRENCE

TH4E DATA PRESENTED IN THIS STUDY SUGGEST THAT PRESENTLY
AVAILABLE DUAL POLARIZED, K BAND, SIDE LOOKING IHAGING
RADARS PRUVIDE A CAPABILITY FOR REVEALING A QUALITATIVE
ESTIMATE OF SOIL MOISTURE CONTENT.

SOIL WATER# SIDE LOOKING RADAR

T3W 05059. DISCRETE DIFFERENTIAL DYNAMIC PROGRAMMING
APPROACH TQO WATER RESOURCES SYSTEMS OPTIMIZATION.
WATER RESOURCES RESEARCH. APRIL 1971l. P273-282.
C4Dy MH# KOLITOVID, PV# MEREDITH, DD

ILLINDIS UNIV., URBANA

THE OPTIMIZATION OF OPERATING POLICIES OF MULTIPLE UNIT

AND MULTIPLE PURPNSE WATER RESDURCES SYSTEMS BY TRADITIOWAL
DY NAMIC -PROGRAMING WITH THE USE OF HIGH SPEED DIGITAL
COMPUTERS ENCOUNTERS TWO MAJOR DIFFICULTIES: MEMORY
REQUIREMENTS AND COMPUTER TIME REQUIREMENTS. THIS PAPER
PRESENTS AN ITERATIVE METHOD THAT CAN EASE THE ABOVE
DIFFIZULYIES CUNSIDERABLY.

DIFFERENTIAL EQUATIONS# DIGITAL COMPUTERS

738 05060. DPERATIONAL HYDROLOGY FOR UNGAGED STREAMS BY THE
GRID SQUARE TECHMNIQUE.

WATER RESDURCES RESEARCH. APRIL 1971. P283-291.

PENTLAND, RL# CUTHBERT, DR

ENERGYy MINES, AND RESOURCES DEPT., QTTAWA, CANACA

THE GRID SQUARE TECHNIQUE AND ITS EXTENSION TO OPERATIONAL
HYDROLOGY ARE DISCUSSED, ALONG WITH AN EXAMPLE FROM THE
NEW BRUNSWICK REGIDN OF CANADA.

- HYDROLOGY#H STREAM FLOWY# WATER RESCOURCES

73W 05061. USE OF LINEAR PROGRAMMING FOR ESTIMATING
GEOHYDROLOGIL PARAMETERS OF GROUND WATER BASINS.
WATER RESDURCES RESEARCH. APRIL 1971. P3&67-374,
KLEINECKE, D

GENERAL ELECTRIC CO., SANTA BARBARA, CALIF.

IN THIS REPURY TWO STUDIES ARE DISCUSSED THAT ATTEMPTED TO
ESTIMATE GED4YDROLOGIC PARAMETERS FROM ACTUAL BASIN
RECORDS. DATA GATHERED BY THE CALIFORNIA STATE DEPARTMENT OF

-AATER RESOURCES {(DOWR} FOR THEIR-SUCCESSFUL CHINDO RIVERSIDE

BASIN MODEL WERE USED.

THE FIRST APPROACH, PRESENMTED BRIEFLY, WAS BASED ON A

LEAST SQUARES FITTING PROCEDURE AND PROVED TO BE COMPLETELY
UNSUCTESSFUL.  THE SECOND APPROACH WAS BASED ON LINEAR
PAOSRAMING. ALTHOUGH IT HAS NOT PROVED ITS USE, AND

THERE ARE SOME SUASTANTIAL PROBLEMSs THE LINEAR PROGRAMING
APPROALH DFFERS SOME PROMISE. THIS PAPER 15 PRINCIPALLY

A PROSRESS REPURT ON THE LINEAR PROGRAMING APPR{JACH.

GIOUND WATER# LINEAR PROGRAMMING# HYDROGEOLDGY
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1IW-00-50A8

T3w=-00-5071

TIN-00-5072

RZ-3069, TW] ALGDRITHMS FUR MULTIPLE VIEW BINARY PATTERN
RECONSTRUCTION. SEPTEMBER 1970.

C4ANG, SK# SHELTON, GL

I3M YORKTOWN HEIGHTS, RESEARCH

RC-305%

13P. IN THIS PAPER THE PROBLEM OF RECONSTRUCTING BINARY
PATTERNS FROM THE[R SHADOWS OR PRDJECTIONS IS TREATED.

TAO ALGDRITHMS ARE FORMULATED. FOR THE TWO VIEW CASE, BOTH
ALGDRITHMS GIVE A PERFECT RECONSTRUCTION [F AND ONLY 1F THE
PATTERN IS TWD VIEW UNAMBIGUOUS. IT IS ALSO SHOWN THAT N
VIEWS ARE SUFFICIENT, BUT NOT NECESSARY, TD RECUNSTRUCT ANY

N X. N BINARY PATTERN. EXPERIMENTAL RESULYS FOR THE FOUR VIEW
RICONSTRUCTION NF 25 X 25 BINARY PATTERNS INDICATE THAT ONE
OF THE ALGORITHMS HAS 600D CONVERGENCY .BEHAVIDR.

DIGITAL SYSTEMSH ALGORITHMS

RZ=3140. A SIMULATOR FOR NDRTHEASTERN FOREST GROWTH; A
CONTRIBUTION 9f THE HUBBARD BROOK ECOSYSTEM STUDY AND IBM
RESEARCH. NOVEMBER 1970.

BITKIN, DBN¥ JANAK, JF# WALLIS. JR

I8M YORKTOWN HEIGHTS, RESEARCH

R2=-3140

21P. A& NORTHEASTERN FOREST GRDWTH SIMULATOR, JABOWA, HAS
BEEN ARITTEN IN FORTRAN [V FOR USE UNDER TSS ON AN IBM
350-67. THE PROGRAM SIMULATES STAND GRUWTH BY ANNUAL
INCREMENTS FOR YHE 13 TREE SPECIES OF THE NORTHERN

HARDWOOD FOXEST TYPE FOUND DN THE USFS HUBBARD BRODK
EXPERIMENTAL WATERSHED AT WEST THORNTON, M.M. THREE TYPICAL
SIMULATION EXPERIMENTS THAT MAY BE PERFORMED QUITE EASILY BY
JABORA ARE SHIWN, AND THE SOURCE PROGRAM IS LISTED SO THAT
THE USER MAY QUICKLY DESIGN OTHERS WHILE AT A REMOTE
COMPUTER TERMINAL (SUCH AS AN |BM 2741}.

CIMPUTERIZED SIMULATION# FORESTRYH# IBM SYSTEM/ 380

RI=-2203, BOUNDARY DETECTION OF RADIOGRAPHIC IMAGES BY A
THRESHOLD METHOD. DECEMBER 1970.

CHAOW, CK# KANEKO, T

I3M YORKTOWN HEIGHTS. RESEARCH

R>-3203

3JP. A THRESHOLD METHOD BASED ON STATISTICAL PRINCIPLES AND
HZURISTICS IS DEVELOPED TO DETECT BOUNDARIES IN RADICGRAPHIC
IMAGES, FEAIH LOCAL REGION OF THE IMAGE CONTAINING A

PIRTION OF BOUNDARY IS CHARACTERIZED BY A MIXTURE UF

TWO (NORMAL) [INTENSITY DISTRIBUTIONS. THRESHOLDS ARE SET
DYNaMICALLY ACCORDING TO LOCAL, RATHER THAN GLOBAL,
CAARACTERISTICS ESTIMATED FROM THE OBSERVED INTENSITY
HISTGGRAMS, A PROGRAM TO IMPLEMENT THE METHUOD HAS BEEN
WUITTEN. EXPERIMENTAL RESULTS ON CARDICUANGIOGRAMS ARE
PIESENTED T]) SUCCESSFULLY DEMONSTRATE THE FEASIBILITY OF

TAE METHOD FOR LOW QUALITY IMAGES. THE METHOD IS
JNSENSITIVE TD SHADING OR GRADUALLY VARYING INTERFERENCE.

" PATTERN RECIGNITIONE RADIDGRAPHY# BOUNDARIES
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73W-00-5080

T3W-00-5051

TIW-00-5082

N70-15687. A MODEL ATMOSPHERE FOR EARTH RESOURCES
APPLICATIONS, NOYEMBER 1969.

PITTSs DE# KYLE, KD

MANNED SPACECRAFT CENTER, HOUSTON, TEX.

NTO-15687# NASA-TMX-58033

43P, A COMPUTER SUHPROGRAM SET 1S DESCRIBED WHICH PERMITS
THE USE OF RADIDSONDE DATA TO PROVIDE MDDEL ATMOSPHERE
DATA EOR EARTH RESOURCES APPLICATIONS. ALL EARTH

ESOURCES REMITE-SENSING TECHMIGUES ARE AFFECTED BY THE
ATMOSPHERE LYING BEFWEEN THE TARGET AND THE SENSOR. THE
CIMPUTER PRIGRAM PRESENTED IN THIS REPORT OFFERS A METHOD

OF NUMERICAL USE 0OF RADIOSONUE DATA SO THAT ATMOSPHERIC
EFEECTS MAY BE ASSESSED AND POSSISLY REMOVED FROM THE SIGNAL.

REMITE SENSINGH# RADIOSONDES# COMPUTER PRUOGRAMS
ATMOSPHERES

NTG-16407. FURTHER INFRARED SYSTEMS STUDIES FOR VHE EARTH
RESUURCES PRIGRAM. FINAL REPORT. OECEMBER 1969.
BRAITHNAITE, J# LARSEN, L# WURK,: E.

MICHIGAN LNIV., ANN ARBDR

NTO-16407# MASA-CR-1021114 WRL-2122-14-F

77P. THIS REPDRT DISCUSSES THE DEVELOPMENT OF DESIGN
CINCEPTS AND SPECIFICATIDNS FDR MULTISPECTRAL

SCANNERS FOR USE FROM ORBIT AS PART OF THE EARTH

RESOURCES PROGRAM. THE PERFORMANCE OF SUCH SCANNERS MAY BE

_LIMITED BY ZOMPDMENT PERFORMANCE, BY WEIGHT AND POWER

ALLICATIONS,- AND BY THE DATA RATES AND BULKS WHICH CANM BE
RETURNED TO THE GROUND. SUME DF THE MORE CRITICAL OF

T4ESE FACTDRS HAVE BEEN EXAMINED IN DETAIL, AND METHQODS- OF
DEALING WITH THEM HAVE BEEN INVESTIGATED. 1T IS5 SHOWNg FOR
EXAMPLE, THAT A 7 CHANNEL SCANNER WITH A 200 FY GROUND
RESOLUTION IS FEASIBLE, BUT THAT THE SWATH WIOTH WOULD BE
LIMITED TO LESS THAN 20 MILES UNLESS TELEMETRY BANDWIDTHS
LARGER TIHHAN THDSE [IN CURRENT USE ARE MADE AVAILABLE.

INFRARED SCANNERSH INFRARED DETECTORSHE TELEMETRY

N70-17026 THRU NT0-17034. PROCEEOINGS OF THE WINTER
STUDY ON USES OF MANNED SPACE FLIGHT, 1975-1985,
VILUME 2: APPENDIXES. 1949.

NASA, WASHINGTONs D.Cos .

NT0-17026 THRU NT7D-170344 NASA-5P-196-VOL-2

177P. CONTENTS: 1. MANNED SPACE=-FLIGHT CAPABILITIES,
APPENDIX A (SEE NTO=-17027), 2. LOW CDST SPACE
TIANSPORTATION. APPENDIX 8 (SEE N70-17028), 3. THE LUNAR
JI0GRAMy APPENDIX C (S€E NT0O-17029)s 4. ASTRONOMY,
APPENDLX D {SEE N7G-17030), S. SPACE PHYSICS, APPENDIX E
ISEE NT2=17231)e &. EARTH SCIENCES AND APPLICATIONS,
APPENDIIX F (SEE N7C-17032), 7. LIFE SCIENCES, APPENDIX G
{SEE NT0-17033), 8. MATERIALS SCIENCE AND PROCESSING IN
SPACEs, APPENDIX H (SEE NTQ-17034).

MANNED SPACE FLIGHTH ASTRONDMY# EARTH SCIENCES



T3W-00-50R3

TiW-00-5084

NTO-17429. EARTH RESOURCES DATA PROCESSING CENTER STUDY.
VILUME 2: STUDY FINDINGS. SEPTEMBER 1969.

FAIRCHILD CAMERA AND INSTRUMENT CORP., SYOSSETs N.Y,.
N70-17429¥ NASA-CR-10788TH ED-AA-113

3)ar. A REVIEW 15 PRESENTED OF THE BASIC OBJECTIVES AND
REQUIREMENTS DF THE MAJOR GOVERNMENT SUPPORT AGENCIES AND
EXPERIMFNTER GROUPS ASSOCIATED WITH THE EARTH RESOURCES
PIDGRAM, A5 WELL AS THE SENSOR AND AUXILIARY EQUIPMENTS
ASSICIATED WITH THE MANNED SPACECRAFT CENTER AIRCRAFT
SJRVEY PROGRAM. DATA FLOW MODELS ARE DEVELOPED WHICH DEPICT
THE PROCESSING NF TYPICAL GATA FROM EACH SENSOR CLASS
TH4RIUGH THE ASSUCTIATED MSC GROUND DATA PROCESSING FACILITY.
FJTURE TREMDS IN THE EARTH RESOURCES PROGRAM ARE DELINEATED,
WITH EMPHASIS UN THE HOUSTON AIRCRAFT PRUGRAM, ITS EVENTUAL
CONRDINATION WITH SPACECRAFT COLLECTION ACTIVITIES, AND ITS
ATTENDANT GIJUND DATA FROCESSING REQUIREMENTS. PRIORITY
TECHNIOUES, SYSTEM AND FACILITIES GROWTH REGQUIREMENTS ARE
IDENTIFIED. ODEVELUPMENT PLANS ARE PRESENTED 10 PERMIT THE
TIMELY RESEARCH, DEVELUPMENT, CUNSTRUCTION AND TEST OF
REQUIRED PRUGESSING EQUIPMENT AND FACILITIES.
RECOMMENDATIONS AND CONCLUSIONS CONCERNING FUTUNE EFFORT
ATMED AT FURTHERING THE GROWTH OF THE EARTH RESUURCES DATA
PROCESSING FACILITIES AT THE MANNED SPACECRAFT LENTER ARE
DEVELOPED.

DATA PRICESSINGH REMOTE SENSINGH# RESOURCES

N70-17721. EARTH RESOURCES DATA PROCESSING CENTER STUDY.
VOLUME 1: PROGRAM SUMMARY. FINAL REPORT., SEPTEMBER 1969,
FAIRCHILD CAMERA AND INSTRUMENT CORP.s SYOSETT. N.Y.
N70-17721# NASA-CR-107884H NASW-1B811# ED-AA~113

4TP. THE RESULTS DF A COMPREHENSIVE STUDY AIMED AT ASSISTING
NASA HEANQUARTERS IN ITS TASK OF PLANNING R AND D PROGRAMS
AND DEVELOPING AN NPERATIONAL CAPABILITY 7D ACQUIRE, PROCESS
AND DISSEMINATE REMOTELY SENSED EARYH RESOURCES DATA TO
APPRUPRIATE EXPERIMENTERS AMD USERS ARE DESCRIBED. A REVIEW
I3 PRESENTED JF THE BASIC UBJECTIVES AND REQUIREMENTS OF

THAE MBJOR GUVERMMENT -SUPPORT AGENCIES AND EXPERIMENTER
GROUPS ASSUCIATED WITH THE EARTH RESQURCES PROGRAM. FUTURE
TRENDS IN THE EARTH RESOURCES PROGRAM ARE DELINEATE(Q, WITH
EMPHASILS 0¥ THE HDUSTON AIRCRAFT PROGRAM, [TS EVENTUAL
COURDINATION WITH SPACECRAFT COLLECTION ACYFIVITIES, AND [TS
ATTENDANT GROSUND DATA PROCESSING REQUIREMENTS,
RECIMMENDATIING AND CONCLUSIONS CONCERNING FUTURE EFFORT -
AIMED AT FURTHERLING THE GROWTH DF THE EARTH RESDURCES DATA
PROCESSING FACILITIES AT THE MANNED SPACELRAFT CENTER ARE
DEVELOPED.

DATA PROCESSINGH REMOTE SENSING

D~10



TIN-00-5085

73W-00-5086

13W-00~5087

N70-21089. MANAGEMENT, PROCESSING AND DISSEMINATION OF
SENSORY DATA FOR THE EARTH RESOURCE TECHNULOGY SATELLITE.
DECEMBER 1969.

MERR[TTy ESH4 AHLIN: WCH GOLDSHLAK, L

ALLIED RESEARCH ASSOCIATES, INC., CONCORD, MASS.
N70-21089# NASA-CR-1090814 REPT- 9645 43

Ti-11# MAS5-10343

135P. THE ELEMCNTS OF A DATA LENTER FOR THE MANAGEMENT,
PIOCESSING AND DISSEMINATION OF PHOTOGRAPHIC PROQULTS
GENERATED BY THE EARTH RESHURCE YECHNDLOGY SATELLITE

(ERTS) IS SPECIFIEN. IN ADDITION TO THE SPECIFICATION OF
FINCTIDNAL ELEMENTS, THIS STUDY EXAMINES AND PROYIDES
SPECIFICATION OFt DATA RATES AND DATA FLOW TIME LINESS
FACILITY, EQUIPMENT AND MATERIAL REQUIREMENTS FOR A ONE YEAR
OPERATION DVER THE CONTINENTAL UNITED STATES; AND SOME
PIELIMINARY AYALYSES DOF PHOTOGRAPHIC PROCESSING AND MATEREALS
THAT CAN INFLUENCE PICTURE CLEMENT ACCURACIES. & PLAN IS
PRESENTED FUR THE FURTHER IMPLEMENTATION STEPS WECESSARY TO
PINVIDE AN OPERATING DATA CENTER IN TIME FOR AN ERTS LAUNCH
IN EARLY 1972.

DA TA PROCESSING# PHOTOGRAPHY#H REMOTE SENSING

N70-21145. SPATIAL SURVEILLANCE OF NATURAL RESUWRCES.
JANUARY 1969.

RAITT, DI

RIYAL ATRCRAFT ESTAB., FARNBORDUGH,; ENGLAND
N70=-21145# RAE~-LIB-B[B-308

"23P. THIS SELECTIVE BIBLINGRAPHY COVERS THE PERIOD 1944 YD

DATE. IN GENERAL THE COVERAGE 135 OF THE FOLLOWING FIELDSS
MINERAL DEPDSITS, AGRICULTURE (VEGETATION; CROPS, S5QLLS),
FIRESTRY (DISEASEy FIRE), WILDLIFE, LIVESTOCK AND WATER
RESOURCES. A SELECTY LIST OF REFERENCES UN APPLICATIONS

SATELLTTES IS ALSD TNCLUDED. - - R

REMOTE SENSING# ARTIFICIAL SATELLITES

NTG-22676. APOLLD 9 MULTISPECTRAL PHOTOGRAPHIC INFDRMATION.
APRIL 197D. .
KALTENBACK, JL

MANNED SPACECRAFT CENTER, HOUSTON, TEX.

NTO-226T6# NASA-TMX-19574 $-226

33P. THE NASA EXPERIMENT 5065 MULTISPECTRAL PHUTOGRAPHY,
FLOWN ON THE APOLLO 9 MISSITON PROVIDED CRBITAL

P4OTOSRAPHY OF THE EARTH. THE PHOTOGRAPHY WAS TAKEN BY FOUR
CAMERAS, tACH OF WHICH CONTAINED A DIFFERENT FILM FILTER
CIMBINATION. SPECIAL COLOR VIEWING AND REPRCGODUCTION

SYSTEMS ARE BEING USED TO DETERMINE THE USE AND VALUE QF
MILTISPECTRAL PHOTOGRAPHY TO THE EARTH RESOURCES

DISCIPLINES AND TO APPLY THESE FINDINGS TO THE DESIGN QF
FUTURE lMAG[No SYSTEMS.

REMOTE SENSINGH PHOTOGRAPHYH FILMS# FILTERS



734-00-5088

T3IW-00-5089

IW-00-5090

N70-23540. USEFUL APPLICATIONS OF EARTH DRIENTED
SATELLITES: SYSTEMS FOR REMOTE SENSING INFORMATION AND
OISTRIBUTION, 19469,

NATIDNAL ACADEMY -OF SCTIENCES, WASHINGTON, D.C.
N7D-235404 NASA-CR-109352 ’

93P. THE PROBLEMS AND POTENTJAL FOR THE USE OF DATA
GATHERED BY REMOTE SENSING OR DISTRIBUTED COLLECTION DEVICES
WITH COLLECTION FROM SATELLITE OR AIRCRAFT ARE CONSIDERED.
T4E CONSIDERATIONS INCLUDER THE COLLECTIONs PROCESSING,
STORAGE. AND DISTRIBUTIDON OF THESE DATA IN 80TH PROCESSED
AND RAW FORM. IN GENERAL, THE PROBLEMS CONSIDERED

FICUSED PRIMARILY ON THOSE DATA PRUCESSING ASPECTS OF THE
TITAL SYSTEM THAT LIE BETWEEN THE RECEIVING GROUND STATION
AND THE USE3. INEVITABLY, HOWEVER, BROADER JUDGMENTS WERE
REACHED 0ON OVERALL SYSTEMS ASPELTS: PARTLY BECAUSE OF THE
NEED FDR MJSSIUN PLANNING AMD CUNTROL M THE DATA PROCESSING
SYSTEM, PARTLY BECAUSE UF THE INEVITABLE NEED T DESIGNATE
CPERATIONAL PRIORITIES FOR THE COLLECTION AND DISSEMINATION
UF DATA.

REMITE SENSINGHE ARTIFICIAL SATELLITES

N70-31579, SPACE STATION: KEY TD THE FUTURE. 1970.
NASA,; WASHINGTON, D.C.
NTD=-31579# NASA-EP-T75

42P, THE SPACE STATIDN AND SOME OF ITS FUTURE BENEFITS ARE
DESCRIBED IN NONTECHNICAL TERMS TAKEN FROM INFQRMATION
THAAT HAS BEEN PRESENTED AT TECHNICAL CONFERENCES.

PISSIBLE BENEFITS ARE: (1) DETECTION OF LARGE SCALE
DYNAMIC FARTH PHENONMENA SUCH AS CHANGES IN SNOW PACK, AIR
AND WATER PIOLLUTION, AND OCCURRENCES IN REMOTE AREAS: (2)
MAINTENANCE (OF METEQROLOGICAL SATELLITES: (3}

PROSCECTING FOR MIMERAL RESOURCES: (4) CROP CONDITION
IDENTIFICATION: AND {5) LDCATING AREAS OF SUBTERRANEAN
WATER SOURCES. SPACE STATION CONFIGURATIONS AND CREW
REQUIREMENTS ARE DISCUSSED.

STACE STATIOINSH METEQROLOGICAL SATELLITES
EXPLORATIOM# PULLUITIONY WATER RESOURCES

NT0-35895. REMOTE SENSING: A SURVEY REPORT. AUGUST 1967.
CAIB, KB

MANNED SPACECRAFT CENTER, HOUSTON, TEX.

N70-358935# VASA~TMX=-6506T# MSC~CA-R=-67-2

132P, A SURVEY UF REMOTE SENSING TECHNIQUES AND

MEASUIEMENT SYSTEMS 15 CONSIDERED BY AREA OF APPLICATION AS
EXTRATERRESTRIAL, ATHMOSPHERIC, AND GEDPHYSICAL. BASIC
ENERGY BQUATIONS, INTERACTIDNS, AND ENVIRONMENTAL
RISTRICTIONS ARE, REVIEWED. SENSOR SYSTEMS USED IN EACH AREA
AYE PRESENTED, DATA SAMPLES ARE SHOWN, AND INFORMATION
CIONTENT I3 DISCUSSED. THE ADVANTAGES PROVIDED BY
MILTISPECTRAL SCANNING FROM HIGH ALTITUDE QBSERVATION
PLATFIORMS ARE SHOWN.

REMDTE SENSING# ARTIFICIAL SATELLITES



TIW-00-5092

T3iW-00-5093

AD699620. SATELLITE IMAGERY OF THE EARTH. JULY 1969,
MERIFIELD, PM# CRONIN, J# FOSHEE,» SJ# NEAL, J7

AIR FORCE CAMBRIDGE RESEARCH LABS-' BEDFORD, MASS.
AD69962CH AFLRL-T0-0037

1%4P. REPRINTEDN FROM "PHOTDGRAMMETRIC ENGINEERING™: V35,
N7+ P654-568, JULY 1969.

PHOTOGRAPHY JF THE EARTH FROM SPACECRAFT HAS APPLICATION TO
BITH ATMOSPHERIC AND EARTH SCIENCES. GEMINI AND APOLLO
PAQTOGRAPHS HAVE FURNISHED TNFORMATION ON SEA SURFACE
RIUGHNESSs AREAS NOF POTENTIAL UPWELLING AND OCEANIC
CJRRENT SYSTEMS. REGIDNAL GEOLOGIC STRUCTURES AND
GEUMORPHOLOSIC FEATURES ARE ALSO RECOROED IN ORBITAL
PHORTDGRAPHS, INFRARED SATELLITE I[MAGERY PROVIDES
METEOROLOGICAL ANT HYDRDLOGICAL DATA AND IS

PITENTIALLY USEFUL FOR LOCATING FRESH WATER SPRINGS

ALDONG CDASTAL AREAS, SODURCES OF GEOTHERMAL POWEKR AND
VILCANIC ACTIVITY. GROUND AND AJRHBORNE SURVEYS ARE BEING
UNDERTAKEN TO CREATE A BASIS FOR THE INTERPRETATION OF
CATA OBTAINED FROM FUTURE SATELLI{TE SYSTEMS.

EARTH /PLANET/# METEOROLDGICAL SATELLITESH# HMYDRULOGY
INFRARED SCANNERS# AERIAL PHOTOGRAPHS

NT1-29126, EARTH RESOURCES SATELLITES. OCTOBER 1969.
ENTRES,y SL

RIYAL AIRCRAFT ESTAB., FARNBOROUGH, ENGLAND

MT1-2BL26F AAE-TR-59219

93P, OPERATIONAL AND TECHNICAL ASPECTS OF EARTH

RESOURCES SATELLITE PROJECTS ARE DISCUSSED. TWO BASIC
SJRVEYING METHODS ARE CONSIDERED:® BY REMDTE SENSING
SATELLITES AND BY MEASUREMENT COLLECTING SATELLITES.
ATTENTION 1S5 ZONCENTRATED ON PROBLEMS DF ORBITAL SEMNSING

OF ELECTROMAGNEYIC EARTH RADIANCE IN THE VISUAL, INFRARED AND
MICROWNAVE REGIONS. THE PRINCIPLES OF POLYCHROMATIC

M= ASUREMENT OF EARTH SURFACE RADIATION SIGNATURES AND THEIR
ANALYSIS AS WELL- AS SDME MATTERS CONNECTED WITH THE DATA
HANDLING OF THE SENSED INFORMATION ARE DISCUSSED.
RECOMMENDATINNS ARE MADE FOR SOME USEFUL FIELDS OF STUDY
AND FOR COMPLEMENTARY EXPERIMENTAL WORK, A LIST OF
OAGANIZATIONS ENGAGED IN RELEVANT BRANCHES (OF SCIENCE AND
TECHNOLUGY TOGETHER WITH CLASSIFIED BIBLIGGRAPHIC
REFERENCES ARE APPENDED.

AXTIFICIAL SATELLITES® REMOTE SENSINGH RESDURLES
TCRRESTRIAL RADIATION



TaW-00-5094

72W-00-5095

TiW=-00~5006

NT0O-400B6,. REMOTE SENSING. MAY 1970.

SYENNSON, H.

AIR FORCE CAMBRINGE RESEARCH LABS.., BEDFORD, MASS,.
NTO-400864 ADTOTHE244 AFCRL-T0-0277

179, THE PARTS OF THE ELECTROMAGNETIC SPECTRUM ARE
DISCUSSED, WITH THE TYPE (S} OF SENSOR 15) REQUIRED TO

RECORD ENERGY IN EACH PART. A REVIEW IS GIVEN OF THE CLASSES
UE AIRBORNE [AND SATELLITE) REMOTE SENSDR DATA WHICH ARE
AVAILABLFE TD SEOSCIENTISTS. DIFFERENT TYPES OF REMOTE SENSOR
DATA ARE DESCRIBED AND EXAMPLES PRUOVIDED. INCLUDING
PANCHROMATIC, INFRARED, COLOR, AND COLOR INFRARED AERIAL
P4OTOSRAPHY (KULLABFRG, SWEDEN): MULTISPECTRAL AERIAL
PHAOTUGRAPHY (WITH IMPORTANCE OF OPTIMUM FILM/FILTER
CIMBINATION FOR SPECIFIC PHENODMENA}: AIRBORNE THERMAL
INFRARED IMAGERY (KULLABERGs SWEDEN AND SURTSEY, ICELAND):
SIDE LNOKING AIXBORNE RADAK (TUSKAHOMA SYNCLINE, OKLAHOMA):
AND RADID SOUNDING OF GLACIAL ICE (ANTARCTICA). THE -
PALOJECTED FUTURF INCREASE IN AMUUNT OF REMOTE SENSUR DATA
WILL REQUIRE COMPUTER PROCESSING TECHNIQUES, ALTHOUGH MAN
WILL SERVE THE MIST [MPORTANT ROLE IN THE ANALYSIS AND

USE OF REMOTE SENSUR [NFORMATIOUN OF THE EARTHS SURFALE.

REMOTE SENSING# ELECTROMAGHETIC SPECTRA
ARTIFICIAL SATELLITES# INFRARED DETECTION
ASRIAL PHOTOGRAPHYH SIDE LUOOKING RADAR

NTD-259681, ECODLOGICAL SURVEYS FROM SPACE. 1970.
NaSAy WASHINGTUNy D.C.
NTO-26981LH NASA-5P-230

8)P. THE USE OF SPACECRAFT FDR EARTH RESOURCES SURVEYS 1S
DI SCUSSED FOR SFVEN DIFFERENT DISCIPLINES, WHICH INCLUDE
GEUGRAPHY, ASRICULTURE, FORESTRY, GEOLDGY, HYOROLOGY,
OZEANJIGRAPHY, AND CARTOGRAPHY. PHOTOGRAPHS TAKEN WITH
DIFFERENT FILTERS AND TYPES UF FILM FROM THE GEMINI AND
A?DLLD FLIGHTS ILLUSTRATE THE MAN MADE CHANGES OF THE
EARTH'S SURFACE AS WELL AS NATURAL RESOURCES.

REMOTE SENSINGH ARTEIFICIAL SATELLITES# ECOLOGY

N69-403%91. MODIFICATION OF 16.5 GHZ SIDE LOOKING RADAR
SYSTEM FOR YASA C-130 AIRCRAFT. FINAL REPORT. °
SEPTEMBER 1969.

MLCAIN,s RE

PH4ILCT FORD CORP., NEWPORT BEACH, CALIF.

N59-4D391% NASA-CR-101746# NAS9-9116# PUBL-U-4710

22P, TECHNICAL DETAILS ARE GIVEN ON THE MODIFICATIONS MADE:
T) THE SIDE LOOKING RADAR DESIGNED FOR INSTALLATION IN A
C~130 AIRCRAFT IN SUPPORT OF THE NASA EARTH RESUURCES
PLOGRAM, THE DELIVERED RADAR SYSTEM CONSISTS OF A

MIDIFTED AN/DPD-2 RADAR ELECTRONIC ASSEMBLY, MULTIPLE
PILARIZED ANTENNA, CONTROL PANEL, AND ANTENNA
PRESSURIZATION SYSTEM., SPECIAL TEST EQUIPMENT [N THE FORM
D= A SYSTEM PREFLIGHT CALIGBRATOR AND RECORDER

CALIBRATOR WAS FABRICATED AND DELIVERED TO SUPPORT THE

AL IGNMENT, CHECKWT, AND CALIBRAYION OF THE RADAR SYSTEM. IN
AJDITION, COMPONENT AND ASSEMBLY SPARES WERE PROCURED,
FABRICATED, AND DELIVERED TUO SUPPORT THE RADAR SYSTEM
DURING THE FLIGHT TEST PRUGRAM.

SIDE LUOKINS RADARE INSTALLINGH RELTABILITY
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1IW-00-5097

13W-00-5098

TiW-00-5099

Tin-00-5100

RZ=-3115. THREE DIMENSINNAL TRANSIENT, SATURATEO-UNSATURATED
FLOA IN A GRIUND WATER BASIN. OCTORER L1970.

FREEZE, RA

I3M YORKTOWN HEIGHTS, RESEARCH

RZ=-3115

43P. THE REQUIREMENTS DF WATER RESOURCE PLANNING HAVE
MADE SIMULATION OF THE HYDROLOGIC RESPONSE OF GROUND
WATER BASINS A TECHNIQUE OF INCREASING IMPORTANCE. IN
THIS REPORT A NUMERICAL MATHEMATICAL MODEL 1S PRESENTED
THAAT ATTEMPTS TN BRING THE STATE OF THE SCIENCE ONE STEP
CLOSER TO HYDROGEDNLOSICAL REALITY.

Ld
GRUUND WATER# HYDROGEOLOGYH# WATER RESOURCES
MATHEMATICAL MODELS

AD692627. USE OF THE PROPERTIES OF THE S0IL COVER IN THE
INTERPRETATION OF GROUND WATER DN AERIAL PHOTOGRAPHS. 1962,
KUINETSOV, WV

ARMY FOREIGN SCIENCE AND TECH. CENTER, WASHINGTON, D.C.
AD69262TH NT0-110Q24# FSTC~HT~23-393-68

9P. A& STUDY WAS MADE OF THE RELATIONSHIPS BETWEEN THE SOIL
CIVER AND GROUND WATER USING AERIAL PHOTOGRAPHS TAKEN 1IN
DIFFEIENT LANDSCAPE AREAS IN THE NORTHERN CASPIAN LOWLAND

AND TURKEMENIA. THE WORK wAS DONE IN KEY AREAS TOGETHER WITH
GEOBNTANICAL,s GEOMORPHOLOGICAL AND HYDROLOGICAL STUDIES. IT
WAS FIUND THAT A STUDY OF THE SOIL COVER [THICKNESS OF
GENETIC HORIZONS, (OLOR, MOISTURE CONTENT, HUMUS CONTENT,
CONTENT OF SALTS, ETC., AS WELL AS THE CHARACTERISTICS OF THE

- STRUCTURF AND MECHAMNICAL COMPOSITION OF THE -SUILS) GIVES

INFORMATION DN THE CHARACTER AND DEPTH UF GRDUND WATER.
SDILS BFNEATH WHICH FRESH GROUND WATER IS5 SITUATED
CLDSE T0U THE SURFACE APPEAR ON AERIAL PHOTOGRAPHS IN
DARK TDNES.

GIOUND WATER# SNILSH AERIAL PHOTUGRAPHY

T3W 05099, CONSIDERATIONS IN CHOOSING THE DRBIT FOR AN EARTH
RESOURCES SURVEY SATELLITE. JULY 1969.

OTTERMAN, J# BACHOFER, BT

GENERAL ELECTRIC CO.» VALLEY FORGEs PA.

10P, THE OIBIT PARAMETERS BEST SUITED FOR EARYH '
AESJUICES SURVEY SATELLITES HAVE BEEN AND -WILL CONTINUE TO
BE THE SUBJECT OF MANY STUDIES. THIS PAPER ADDRESSES
ITSELF TO THE SELECTION OF DNE OF THE IMPORTANT DRBITAL
ELEMENTS FOR THE EARTH RESUURCES TECHNOLOGY SATELLITE
(ERTS) MISSION = THE LOCAL TIME AT THE ASCENDING NODE.

ARTIFICIAL SATELLITESH# REMOTE SENMSINGH# ORBITS

N?70-14447. FEASIBILITY STUDY OF MICROWAVE RADINMETRIC

REMOTE SENSING. VOLUME 2: COMPUTER PRINTOUTS. JANUARY 1969.
PIRTER, RA# FLDRANCE, ET N '
ELECTRONICS RESEARCH CENTER. CAMBRIDGE: MASS.

N70-1444T# NASA-CR-BOHZ9TH NAS12-629

26499, PRINTIUTS DF COMPUTED TARGET AND BACKGRUUND

BR IGHTNESS TEMPERATURES AND CONTRASTS ARE GIVEN: AS WELL AS
PRINTOUTS OF COMPUTED SKY BRIGHTNESS TEMPERATURES AND
ATMOSPHERIC TRANSMISSION FALTORS.

REMOTE SENSING# PRINTOUTS# $KY BRIGHTNESS



T3w=-00-5101

3W-00-51"72

N70-14468, FEASIBILITY STUDY OF MICROWAVE RADIOMETRIC
REMOTE SENSING. VOLUME 3: ADDITIONAL PLOTS AND PRINTOUTS.
JANUARY 1969, :

PIRTCR, RA# FLORANCE, €T

ELECTRONICS RESFARCH CENTER., CAMBRIDGE, MASS.

N70-1445484 NASA-CR-85298# NAS12-629

177P, PRINTOUTS OF SAMPLE MEASURED APPARENT TEMPERATURES
AND DERIVED ORIGHTNESS TEMPERATURES, AND THEQRETICAL
EXISSIVITY AND BRIGHTNESS TEMPERATURE FOR FRESH AND SEA
WATER ARE GIVEN. PLOTTED THEORETICAL BRIGHTNESS TEMPERATURES
OF SEA WATER IN THE RANGE GF 1T TO 220 GHI, AND THEODRETICAL
BRIGHTNESS TEMPFRATURES NF FRESH WATER IN THE RANGE OF 1 TQ
220 Gz ARE ALSD GIVEN.

L
REMOTE SENSING# WATER# SEA WATER# FRESH WATER
PYINTOUTS :

NTQO-17428. OPTIMIZATION OF MICROWAVE RADIDMEYRIC
SYSTEMS FOR EARTH RESOURCE SURVEYS. JUNE 1969,
EAEN, HI# BARRETT, AH

EWEN KNIGHT LORP., EAST NATICK, MASS.

NTO-174284 NASA-CR-86316# NAS12-204T7

177, PASSIVE MICROWAVE SENSING PROJECTS INSTRUMENTATION,
AND TECHNIQUES ARE DISCUSSED. STUDIES AND ANALYTICAL MODELS
ALE REVIEWED IN THE AREAS OF NCEANDGRAPHY AND MARINE
TECHNILAGY, GEOLOGY AND HYDROLOGY. GEOGRAPHY AND CARTOGRAPHY,
AND AGRICULTURE AND FOGRESTRY. - PRESENT GROUND BASED AND
AIRCRAFT MEASUREMENTS ARE DESCRIBED AND INSTRUMENT
TECHNILOGY REDUIREMENTS ARE ANALYZED. AIRBURNE PARAMETRIC
DISPLAYS WITH ATTENDANT LAB0ORIOUS DATA REDUCTION
REQUIREMENTS AND INEFFECTIVE USE OF AIRCRAFT FLIGHT

TIME REDULCE TH1S FO3M OF DATA DISPLAY TO MINIMAL USE.
ATRCRAFT IMAGERY TECHNIQUES ARE CONSIDERED YO 8E NOT
UPTIMUM, IT IS SUGGESTED THAT AN EXPERIMENTAL INVESTIGATION
0F THE POTENTIAL BFNEFITS OF PASSIVE REMUTE SENSING BE MADE,
UTILIZING MDAE DIRECT PARTICIPATION BY USERS IN THE PLANNING
AND EXECUTIUN PHASES. IT IS FELT THAT MICROWAVE ANTENNA
SIZ7E FEQUIREMENTS ARE INCOMPATIBLE WITH PRESENT DAY JET AND
PLSTOM TYPE AIRCRAFT, BUT AHE COMPATIBLE WITH SATELLITES.

AN ENGINEERING PLAN I5 DUTLINE FOR THE DEVELOPMLCNT UF
INSTRUMENT TECHNOLOGY, BASED ON THE BUILDING BLUCK APPROACH.
REMOTE SENSING# MICROWAVES#® OCEANDGRAPHY

HYDROLOGY# GEOLOGY# FORESTRYA MAPPING

D-16



TIW-00-5103

TiW-00-5174

NT0-27083, AN ANALYSIS OF AIRBORNE MICROWAVE
RADIDMETRIC DATA, FEBRUARY 1970.

RADIOMETRIC TECH., TNC., CAMBRIDGE, MASS.
NT0-27083# NASA-CR-1098B46# NASS5-11685

130P. DATA FRDM MEASUREMENTS TAKEN [N 1967, 1958, AND 1969
OVER OCEAN AND LAND AREAS BY A 19.3% GH1Z PHASED ARRAY
SZANNER ABOARD THE NASA CUNVAIR 990 ARE ANALYZEL. OF
PARTICULAR INTEREST ARE DATA WHICH RELATE TU THE RADIATION
E4[TTED AND AFFECTED BY CLOUDS. OTHER DATA FROM SENSORS
MEASURING ENERGY AT IR WAVELENGTHS, TEMPERATURE IN 5ITU.
AND, FOR THE FLIGHTS IN 1969, ENERGY AT 9.3 GHI, AHE
UTILIZED TO RECONSTRUCT ATHOSPHERIC, SURFACE, AND CLOUD
CAARACTERISTICS. THEORETICAL BRIGHTNESS TEMPERATURES
DERIVED FROM CLOUN MUDELS, CONSISTENT WITH THE PHYSICAL DATA
AVAILADBLE, ARE IN GENERAL AGREEMENT WITH THE BRIGHINESS
TEMPERATURES 0OBSERVED UVER QCEAN AREAS. ALTHOUGH A

SIMEWHAT LIMITED EFFECT IS EVIOENCED BY CLOUDS NVER DRY BARE
SIIL AND VESETATION AREAS, A REASONABLY PRUNOUNCED EFFECT
APPEARS POSSIBLE OVER MOIST SOILS. ANALYSI[S OF THOSE CASES
IN WHICH COMPUTED BRIGHTNESS TEMPERATURES DD NOT MATCH THE
D3SERVFD BRIGHTNESS TEMPERATURES INDICATES EITHER: (1) THE
EXISTENCE OF CLOUD DROPLETS LARGER THAN (AN BE TREATED |
SJCCESSFULLY DBY THE SIMPLE RAYLEIGH THENRY UTILIZED: OR (2)
THE INCOMPLETENESS OF THE CLDUD MDDELS THEMSELVES.

ATRBIRNE DETECTORSH HICRDNAVES# RADIOMETRY
P4ASED ARRAYS# CLOUDS /METEOROLOGY/S

N7D-32931. PHENDMENA AND PROPERTIES OF GEOLOGILC MATERIALS
AFFECTING MICROWAVES: A REVIEW. APRIL 1970.

O3ERSTE-LEHN, D

STANEIRD UNIV., CALLF. B . ,

N70-32931# NASA-CR-10854TH# NASS-T313# SU-TR-70-10

72P. A LITERATURE SFARCH MADE ON MICROWAVE REMOTE SENSING
INCLUDED MATERIAL 0N ELECTROMAGNETIC THEORY, PARAMETERS
AFFECTING PASSIVE MICROWAVE SYSTEMSs AND PROPERTIES OF
NATURAL OCCURRING MATERIALS., SOME RESULTS AND CONCLUSIONS
REACHED WERE: (1) DATA DN ELECTRIC AND THERMAL PROPERTIES

OF MATERIALS ARF LACKING IN QUALITY AND QUANTITY: (2}
SYSTEMATIC ANALYSES ARE NEEDED DF PARAMETERS IN THt
MICROWAVE PDRTION OF THE SPECTRUM UNDER CONDITIUNS THAT
WIULD MAKE THE DATA USEFUL FDR REMOTE SENSING PURPUSES: {3)
THE COMPLEX COMPOSITIONAL, STRUCTURAL, AND TEMPORALLY
DEPENDENT MAKEUP OF THE NATURAL ENVIRONMENT SUGGESTS THAT
EVEN A FUNDAMENTALLY S50UND KNDWLEDGE OF ELEMENTAL
INTERACTIONS WITH ELECTROMAGNETIC RADIATION IS PROBABLY
INSUFFICLENT TO COMPLETELY SOLVE REAL WORLD PROBLEMS: AND
(4) THE EMPIRICAL APPRUACH OF MAKING PARAMETRIC MEASUREMENTS
UNDER CAREFJLLY SELECTED FIELD CONDITIONS MAY PROVIDE BETTER
INSIGHT INTO THE CAUSES OF THE- INTEGRATED RESPONSES

RZCIORDFC BY PASSIVE MICROWAVE SYSTEMS.

REMOTE SENSINGH MICRUWAVESH ELECTHOMAGNETIC THEORY
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NT0~38843, HYDROLOSIC INTERPRETATIDN OF NIMBUS VIDICON
IMAGE: GREAT SALT tAKE, UTAH. NDVEMBER 1966.

HAHL, DC# HANDY, AH

GEOLDGICAL SURVEY, WASHINGTDN, D.C.

NTO-38B43# NASA-CR-79887.

&P. THE ANALYSIS WAS MADE TO DETERMINE IF FEATURES OF
HYDYDLOGIC SISNIFICANCE WERE VISIBLE AND IDENTIFIABLE. THE
FEATUES THAT ARE POINTED DUT ON AN ANNOTATED COPY OF THE
IMAGE INDICATE SOME DOF THE FACTORS THAT ARE REQUIRED TO
PROOUCE AN IMAGE. VEGETATION AND GEODLOGY MAY BE

RESPONSIBLE FIR THE DELINEATION DR LACK OF OELINEATION DF
SIME FEATURES. DEPTH IS NUT CONSIDERED A FACTOR IN PRODUCING
AN IMAGE. THE IMPLICATIONS OF USING THE ADVANCED vIDICDN
CAMERA SYSTEM IN THE FIELD OF HYDROLOGY ARE ASSESSED.

HYDROLDGYS® VIDICONSH# IMAGES# REMOTE SENSING

NT0O-43343., ANUKLEONIKAs VOLUME 134 NO. 4-5, P361-590, 1968,
CIMMERCF DEPT.
N7Q-40343% AEL-TR-6931/4-5# TT-68-50011/4-5

229P. PAPERS PRESENTED INCLUDE: DETERMINATION OF MAIN
CIMPOMENTS IN DRES BY RADIOMETRIC METHODS, PULSED NEUTRON
SIURCE AND BORE HOLE FAST NEUTRON GENERATOR OESIGN,
RADIUMETRIC MEASUREMENT OF FILTER TUBE OEPTH IN DOURE HOLES.,
ENERGY DISTRIBUTION DOF SCATTERED GAMMA RAYS IN WATURAL GAMMA
LIGSING, ELIMINATION OF CHEMICAL COMPOSITION EFFECTS OF ROCKS
UN GCAMMA-GAMWA DENSITY LOGGING, APPLICATIONS OF [SOTOPIC
METHODS FOR DETERMINING PHYSICAL PROPERTIES OF SUILS IN
GEOTECHNICAL CROSS SECTION STRUCTURE,: AND THE USE OF

TAITIUM IN HYGROGEOLUGICAL STUDIES. ALSO DISCUSSED ARE
KADIOMETRIC METHORS FOR STUDYING WATER RESERVOIR BUOTTOM
TIGHTNESS AND AN INDRGANIC SUBSTANCE iN HARD AND BHOWN COALS,
SINGLE WELL I[SOTOPIC METHIDS FOR DRAINING PURPOSES IN A MINE,
NJCLEAR MEASUREMENT FOR SOIL MOISTURE AND ODENSITY., WELL
LIGSING FOR SOLID RAW MATERIAL DEPOSIT DETECTION, AND
AVALYSTS UF COPPER AND SILVER IN COPPER DRES BY THE PHOTON
ACTIVATIDN METHID. A RADIOGRAPHIC PROBE WAS USED TO
DETERMINE THE DIRECTION OF GROUND WATER FILTRATION IN DRILL
HILES AND THE DIRECTION AND FLOw RATE IN DPEN WATER
RESERVNIIRS WAtRE MEASURED. TRACER STUDIES GM MIXING OF

WASTE WATERS WITH SURFACE WATERS ARE DESCRIBED.

NZUTRIN SOURIESH WELL LOGGING# TRITIUM
RADINGRAPHY#H FILTRATIONH WATER TREATMENT

N7T1-14697T. ANNDITATED BIBLIOGRAPHY DF REPORTS, STUDIES, AND
[NVESTIGATION RELATING TO SATELLITE HYDROLOGY. JULY 1970.
BAKER, DR# FLANDERS, AF# FLEMING, M

CIMMERCE DEPT,

NT1-14697

32P. THE BIBLIOQRAPHY 15 UN APPLICATIONS OF SATELLITE DATA
T HYDROLOGIC PROBLEMS CONFRONTING ESSA'S MISSION.

HYDROLOGY# ARTIFICIAL SATELLITES# BIBLIUGRAPHIES

S51-71-D05. CONTINUOUS SYSTEMS SIMULATION BIBLIOGRAPHY.
MARCH 1971.

I3M WHITE PLAINS, DPD

SC1-T1-GC0S

19P. THIS BIBLIOGRAAHY REPRESENTS A COMPREHENSIVE LIST-OF
PAPERS, ARTICLES, AND PUBLICATIONS RELATED TO THE IBM
CINTINUIUS SYSTEMS MODELING PROGRAMS AND THEIR APPLICATIONS.

CIMPUTERIZED SIMULATIONKE IBM SYSTEM/ 3604 IBM1130
BIBLIJIGRAPHIES



TiW=-00-5114

7IwW=-00-5115

73W-00-5116

N71-1487!. ON THE THEORY OF THE PHOTOGRAPHY OF SINGLE AND
MJLTIPLE COLJRS BY THE INTERFERENCE METHDD. NOVEMBER 1970.
LIPPMAN, MG

SUMMAN AEROSPACE CORP., BETHPAGE, N.Y.

NT1-14871# TR-59

17P. PROFESSOR M.G. LIPPMAN'S INVESTIGAYIONS ON CULDR
P40TO5RAPHY, CARRIED DUT BEFORE THE TURN OF THE CENTURY,
REPAESENT THE FIRST SUCCESSFUL ATTEMPT TO REPRODUCE COLORS
ACCURATELY IM A PHOTDGRAPHIC PROCESS. AS AGAINST THE MODERN
PRACTICAL, BUT LESS PERFECI APPROACH, LIPPMAN SUCCEEDED IN
CREATING AN ACTUAL COLOR PRESERVATION IN THE .
PAUTOGRAPHIC EMULSION, BY THE PRODUCTION OF STATIONARY WAVES
REPRESENTED BY ALTESRNATING DARK AND LIGHT LAYERS WITHIN AND
PARALLEL TO THE EMULSION. '

THE ARTICLE TRANSLATED HERE FROM THE ORIGINAL FRENCH

WIITTEN IN 1894 IS A HISTORICAL ONE. IT BESCRIBES THE FIRST
PRACTICAL APPRUACH TO COLOR PHOTOGRAPHY; IT MAY ALSO BE
CINSIDERED AS THE FIRST ATTEMPT OF CREATING AN IMAGE CLOSELY
RESEMBLING THE HOLDGRAPMIC TECHNIQUE DEVELOPED HALF A
CENTURY LATER.

CILIR PHUTOGRAPHYH HOLODGRAPHY

NT1-15409., PHOTOGRAMMETRIC TECHNIQUES APPLICABLE TQ EARTH
RESJURLCES ANALYSES. AUGUST l97l.

LARSEN, PA

GEORGE C. MAISHALL SPACE FLIGHT CENTER, ALA.

NT1-154098 NASA-TMX-64546

659, THE USES OF PHOTUGRAMMETRY AS A TOOL FOR STUDYING CUR
NATURAL RESOURCES AND AS AN AID IN UNDERSTANDING AND
DEFINING ENVIRINMENTAL PROBLEMS CONFRONTING THE INHABITANTS
OF EARTH ARE DISCUSSED. NUMEROUS APPLICATIONS OF
P4OTOSRAMMETRY FROM THE PAST ARE CITED, AND SEVERAL VERY
RECENT APPLECATIONS ARE D{SCUSSED BRIEFLY. ACTUAL

ME ASUREMENTS DOF PHYSICAL FEATURES OF THE EARTH'S AND MOON'5S

" SJRFALCES, WHICH WERE MADE PHOTOGRAMMETRICALLY ON STEREOGRAMS

PIEPAIED FROM APQLLO 6 AND APOLLO 8 VERTICAL ORBITAL
PAUTOGRAPHS, ARE SHIOWN,., TYHE SKYLAB EXPERIMENT 5-190. SIX
CAMERA MULTISPEGTRAL PHOTOGRAPHY, 15 DISCUSSED, AND A
GIAPHICAL ANALYSIS OGALING WITH THE PERCENTAGE UF GROUND
(UB8SERVARLE BY THE SKYLAB CAMERAS AS A FUNCTION UF

CUMULUS CLOUD CDVERAGE IS PRESENTED.

P4OTOSRAMMETRY#H AERIAL PHOTOGRAPHYH# GEOGRAPHY
GEDLIGYH METEIRDLOGY

N71-14802, THE NIMBUS 4 MICHELSON INTERFEROMETER.
DECEMBER 1970.

HANELy RA# SCHLACHMAN, B# ROGERS, D# VANDUS, 0
CI0ONARD: SPACE FLIGHT CENTER, GREENBELT, MD.
1L71~148024 NASA-TMX-65395# %X-620-70-421

33P, THE DESIGN AND PERFORMANCE OF THE MICHELSON
IYTERFEROMETER, IRIS-D, ARE DESCRIBED, AND THE DESIGN
DIFFERENCES WHICH EXIST BETWEEN THE INTERFEROMETERS

FLOAN ON NIMBUYS 3 AND & ARE DISCUSSED. THE PERFORMANCE IS
DEMONSTRATED BY EXAMPLES OF SPECTRA OBTAINED WHILE IN EARTH
1RalT. .

INTERFEROMETERS# EMISSION SPECTRA

D=-19
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N71-14812. AN OPTICAL INTERFEROMETRIC METHOD TD ELIMINATE
THE ATMOSPHERIC DEGRADATION OFf RESOLUTION. SEPTEMBER 1970.
CURRIE, DG

MARYLAND UNIV., COLLEGE PARK

NT1-148124 ADT127174 AFQSR-TO0-2419TR

8P. THE OBJECTIVE OF THE RESEARCH WAS THE DEVELOPMENT,
FABRICATION AND USE OF AN INTERFEROMETER CAPABLE OF

MAKING HIGH SPACIAL RESOLUTIDN MEASUREMENTS THRUOUGH THE
TURBULENT ATMOSPHERE. IN PARTICULAR, A PROTOTYPE OF THE
INTERFERMAMETER WAS DESIGNED AND FABRICATED, AND THEN
TESTEDs BOTH IN THE LABORATORY AND ON A TELESCOPE. THE
KNOWLEDGE GAINED FROM THE PROTOTYPE (A COUDE MONEL)
PZRMITTED THE DESIGN OF THE FINAL INTERFEROMETER, THIS
INTERFFRUMETER (A CASSEGRAIN MODEL) 1S NOW BEING FABRICATED.
T41S PAPER [S AN ENLARGEMENT AND EXPLANATION OF THE RESULTS
PIESENTED IN THE wW0ODS HOLE PAPER.

INTERFERNMETERSH OPTICAL INTERFEROMETERS

N71-14886. DUAL CHANNEL SPECTROMETER FOR ROTATI[ONAL
TEMPERATURE YMEASUREMENTS. DECEMBER 1970.

HOOKSTRAy CRA HOPPE, JC¥ HUNTERy WW

LANGLEY RESEARCH CENTERs HMAMPTON, VA,

NT1-148864 NASA-TMX-2135# 1L-6859

14P. A UNIGUE DUAL CHANNEL SPECTROMETER CAPABLE OF MAKING
YQITATIANAL TEMPERATURE MEASUREMENT OF LOW DENSITY
NITROGEN GAS UP. T 500 K HAS BEEN DEVELOPED AND TESTED.
THE INSTRUMENT IMAGES ON A SINGLE VARIABLE WIDTH ENTRANCE
SLIT THE FLUDRESCENCE DF THE FIRST NEGATIVE SYSTEM DF
NITROGEN RESULTING FROM INELASTIC COLULISIONS BETWEEN FAST
ELECTRONS AND NITROGEN MOLECULES. THE ROTATIONAL

ENERLY INTERVAL DBSERVED BY EACH CHANNEL 1s SET BY
PIESELELTED EXIT SLIT WIDTHS. THE RATIO OF ROTATIONAL
EVEIGY ~ITHIN THE TWO CHANNELS IS THEN A CALCULABLE
FINCTION OF TEMPERATURE.

SPELTIOMETEASH TEMPERATURE MEASUREMENTH NITROGEN

TIW 05131, APPLICATION OF THE STANFORD STREAMFLOW
SIMULATION MODEL TO AGRICULTURAL WATERSHEDS. DECEMBER 1969.
RECCA, VT# BRIGSS, DL# BALK, EL# TAIGANIDES, EP

0410 STATE UNIV., CUOLUMBUS

PAPER-NDO-69-T728

13P. HYDROLIGIC DATA FROM THE NDRTH APPALACHIAN

EXPERIMENTAL WAVERSHED IN COSHOCTON, OHIO ARE USED IN A
MICIFLIED VERS!ION DF THE STANFORD STREAMFLOW SIMULATION MODEL
T) TEST ITS PERFDRMANCE ON AGRICULTURAL WATERSHEDS. A
CRUITICAL ASSESSMENT [S MADE ON THE USE OF THE MUDEL FOR SMALL
WATERSHEDS.,.

WATCRSHEDSH STREAM FLOWE HYDROLDGYH CLIMATOLOGY
DIGIYTAL SIMULAYION

73W 05133, SIMULATING THE.EFFECTS DF ENVIRUNMENT ON
CRDP AND OF CRQP ON MICROCL IMATE. OECEMBER 1969.
WAGGONER, PE

CINNECTICUT AGRJCULTURAL EXPERIMENT STATICN

NEW HAVEN .

PAPER-ND-69-915

47, CONCEIVING A CANOPY OF LEAVES AS A LADDER OF CONDUCTORS
FOR WATER WAPOR, SENSIBLE HEAT AND CARBON DIOXIDE ALLOWS
CALCULATION DF PHOTDSYNTHESIS AND EVAPORATION AS WELL AS
MICRDCLIMATIC PRIFILES OF TEMPERATURE AND CARBON DIDXIDE FROM
LIGICAL WEATHER AND PLANT FACTORS.

MICROZLIMATOLOGY# LEAVES /BOTANY/# SIMULATION

D=20
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NoG-31809., A STUDY OF THE LAND TYPE. MARCH 1969,
DAVIS, CM

MICHIGAN UNIV., ANN ARBODR

N69-31800# AD6SS58TLH# AROD-6504.2~E-4# REPT-08055-2-F

5P, THE DJICUMENT SIVES AN HISTORICAL STUDY OF THE LAND
TYPE, A COMPISITE LAND UNIY, AS DEVELOPED AND USED IN THE
19205 AND 1930S. ITS PURPLSE 1S TO BRING TOGETHER THE
HESTORY AND SCATTERED LITERATURE OF THIS CONCEPT.
REVIEWS ARE INCLUDED DF THE LAND SYSTEM A5 USEL IN
AJSTRALIA AND IN ENGLAND. PART OF THE REPORYT IS A
CIMPUTER ANALYSIS OF THE DIGITALIZED LAND SURFACE UF DNE
MICHISAM COUNTY. IT EMPLOYS TEN TRANSFURMATIONS OF THE
DIGITALIZED SURFACE IN AN ATTEMPT TD FIND
TIANSFORMATIONS WHICH WILL REASONABLY PREDICT THE

LAND TYPES THAT WERE MADE YEARS AGO.

LANDFORMS# DIGITAL TECHNIQUES

NT0-41668, HAYDROLOGIC OATA REDUCTION TECHNIQUES AND
UNLT CONVERSIONS FOR USE IN THGE OGREs T WAVE, FLI'P, AND
RAVE FLUID FLODW CNDES. MARCH 1970.

KIRVERX, JA

CALIFIRNIA UNIV., BERKELEY

NTO-416GB# JCRL-50854

gh, MCTHODS USFD TO OETERMINE KH, THE PERMEABILITY
THICKNESS PRIDUCT FOR A GIVEN LOCATION, FROM HYDROLDGIC TEST
DATA ARE DESCRIBED, AND METHODS FDR CONVERTING THE UNITS DF
PERMEABILITY TO THE CORRECT DIMENSIONAL FORM FOR USE IN
SPECIFIC COMPUTER CODES FDR ANALYZING GROUND WATER FLOW ARE
PRAESENTED.

HYDROLOGY# SROUND WATER# WATER FLOW

N59-28505. BIBLIUGRAPHY OF REMOTE SENSING OF EARTH RESOURCES
FIR WYDROLDSICAL APPLICATIONS. NOVEMBER 1968,

LLAVERIAS, RK

MANNED SPACECRAFT CENTER, HOUSTON, TEX.

N69~2B5058 NASA-TMX-61T174 NASA-134

75P. THIS PRELIMINARY BIBLIDGRAPHY WAS PREPARED TO
ACQUAINMT HYDROLOGISTS WITH THE BASIC LITERATURE INVOLVED IN
T415 FIELD. SOME OF THE REFERENCES CONCERN SPECIFIC
HYDRDLBGIC TOPICS O} SPECIFIC REMOTE SENSING METHODS.

DTHER REFERENCES ON VEGETATION MAPPING AND GEQLUGY WERE
INCLUDED 50 THAT THE READER CAN FIND INFORMATION ON THE
SELECTION, PRICESSING, AND USE OF REMOTE SENSING DATA [N
THESE COGNATE FIELDS. A NUMBER OF METEDROLOUGICAL
RZIFERENCES WERE INCLUDED BECAUSE IN MANY REMOTE SENSING -
APPLICATIONSy FESPECIALLY FROM EARTH ORBITAL SATELLITES,
ATMOSPHERIC EFFECTS MUST BE TAKEN INTO ACCOUNT IN
INTERPRETING THE VIEWS OF THE EARTH,

REMITE SENSIWGH HYDROLOGYH VEGETATION

D-21
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N$9-28360. USEFUL APPLICATIONS OF EARTH ORIENTED
SATELLITES: HYDROLOGY. 1969,

NATIUNAL ACADEMY OF SCIENCES, WASHINGTON, D.C.
N59-28360# NASA-CR-101405

8LP. THE FINDINGS AND RECIMMENDATIONS OF & TECHNICAL STUDY
GROUP ON THE APPLTCATIONS OF SPACE TECHNDLOGY YU HYDROLOGIC
PROUBLEMS ARE PRFSENTED. FUUR HYDROLOGIC OBJECTIVES AMENABLE
TJ CURRENT SPACE TECHNDLOGY AND PROMISING SUBSTANTIAL
-MMEDIATE AND LONG TERM BEMNEFITS ARE IDENTIFIED: BASIC
STUBIES OF THE HYDROLOGIC CYCLE AND LARGE SCALE HYDROLOGICAL
SYSTEMS: SNOW AND ICE MAPPING: SURVEYS OF COASTAL

HYDRULJIGCIC FEATURES AND LAKGE INLAND LAKES, AND REAL TIME
CIMMUNICATIONS OF GROUND BASED HYDROLGQGIC DATA. A
QJALITATIVE EVALUATION IS MADE OF THE BENEFITS 10 BE

DIRIVED FROW A COLLECTION OF MORE AND BETTER HYULROLOGIC DATA
AND IMPROVED WEATHER FORECASTING. A COST ESTIMATE ON A
HYDROLOGY SATELLITE SYSTEM IS ALSO INCLUDED.

HY DROLOGY# ARTIFICIAL SATELLITESH MAPPING
WEATHER FORECASTINGH REAL TIME OPERATIONS

N59-25113, LAND FORMS AND RESOURCES IN CENTRAL
RAJASTHAN FIMDIA}: RESULTS OF THE JALDR PILOT SURVEY.,.
JANUAY 1959,

VERSTAPPEN, HT# GHOSE, B# PANDEY, S

INTERNATIONAL INST. FOR AERIAL AND EARTH SCIENCES,
DELFT, NETHERLANDS

N59-25113#%# SERIES B NO. 51

23P. IT IS POINTED QUT TO WHAT EXTENT NATURAL

ENVIRINMENTAL FACTORS AFFECT THE UTILIZATION OF THE ARID AND
SEML ARID LANDS OF INDIA. USING THE JALOR AREA IN THE

LJNI RIVER BASIN (CENTRAL RAJASTHAN) AS AN EXAMPLE, IT 1§
DEMDNSTRATED THAT THE CLIMATIC GEOMORPHOLOGIC AL

DEVELOPMENT 0OF THE AREA HAS LED TO THE FORMATION OF
EXTENSIVE LAYERS OF LIME CONCRETIONS OF LOW PERMEABILITY AND
Td LARGE S5IZED SAND ACCUMULATIONS 7D THE WINDWARD OF
RZSTIDUAL HILLS AND HILL COMPLEXES. THIS DEVELOPMENT HAS HAD
A LASTING INFLUENCE ON GROUND AND SURFACE WATER CIRCULATION
AND THUS ON THE TYPE AND DEISTRIBUTION OF THE PRESENT
UTILIZATION OF THE LAND. MDST OF THE MAIN LANDFORM UNITS
UCCURIING IN CENTRAL RAJASTHAN ARE REPRESENTED I[N THE JALOR
PILOT SURVEY AREA. THEY ARE BRIEFLY DESCRIBED AND THEIR
HYDRGLUGICAL CHARACTERISTICS AND AGRICULTURAL VALUES ARE
SIMMARIZED,

LANDFORMSH HYDROLOGY# GEOMURPHDLOGY

D-22
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N69-17126. EARTH RESQURCES SATELLITE SYSTEM. 1968.
CIMMITTEE ON SCIENCE AND- ASTRONAUTICS WASHINGTON, D.Co
N&9-17126

32, DATA ARE PRESENTED IN SUPPDRT OF THE EARTH

RESUURCES SATELLITE SYSTEM AND THE DEVELOPMENT OF THE

EARTH RESOURZES TECHNOLOGY SATELLITE (ERTS). THE SYSTEM 15
CINSIDERED TD HAVE THE POTENTIAL FOR MAKING MAJOR
CINTRIBUTIONS TO THE SOLUTION OF MANKIND'S FOOD, WATER, AND
MINERAL RESOURCE PRDBLEMS, AND TO PROVIDE AN OPPORTUNITY FOR
ACHIEVING TANGIBLE ECONDMIC RETURNS FROM THE SUBSTANTIAL
SPACE PRNGRAM EXPENDITURES. THE EXISTING TECHNOLOGICAL
BASE FUR AN DPERATIONAL ERTS DESIGN IS REVIEWED, AND THE
HISTDRY NF TAE PROGRAM IS TRACED. SCIENTISTS IN SIX KEY
ATEAS ARE GENERALLY CONSIDERED TD BE THE MOST IMPDRTANT
PITENTIAL USERS OF EARTH RESOURCES DATA. THESE AREAS ARE
CARTOSRAPHY, AGRICULTURE, FORESTRY, OCEANOGRAPHY,
GEULOGY, AMD HYDROLDIGY. IT IS STRONGLY RECOMMENDED THAT
NASA CONCENTRATE A MUCH LARGER PORTION OF ITS EFFORTS AND
RESUDURCES ON THIS PROJECT, AND THE LAUNCH SCHEDULE SKHOULD
85 COMPRESSED 1F POSSIBLE.

ARTIFICIAL SATELLITES# RESUURCESH REMOTE SENSING

NT1-176486 THRU N71-17492. SOVIEY BLOL RESEARCH IN
GEOPHYSICS, ASTROMOMY, AND SPACE, ND. 245. JANUARY 1971.
JIINT PUBLIZATINNS RESEARCH SERVICE, WASHINGTON, D.C.
MT1-1T7486 THRU N71-174924 JPRS5-52271

115P. CONTENTS: L. ASTRONOMY (SEE NT1-17487), 2.
METCDROLOGY (SEC N71-17488), 3. DOCEANOGRAPHY (SEE
NT1-17489), %, TERRESTRIAL GEOPHYSICS (SEE NT1-174901,

5, UPPER ATMOSPHERE AND SPACE RESFARCH (SEE NTL-17491),
6. SUPPLEMENT: WDRK DF THE UNDERWATER RESEARCH L ABORATORY
ISEE NT1-17492).

GEUPHYSICS# ASTRONOMY# ﬁETEURGLDGY
DI EANDGRAPHYH USSR

N71-16510 THRU N71-16516. SOVIET 8LOC RESEARCH IN
GEOPHYSICS, ASTRONCOMY, AND SPACE, NO. 243. *
DECEMBER 1970.

JIINT PUBLICATIDONS RESEARCH SERVICE, WASHINGTON, C.C.
N71-16510 THRU N71-16516# JPRS-52087

83P., CONTENTS: 1. ASTRONOMY (SEE N7L-16511), 2.
METEOROLDGY (SEE N71-16512), 3. DCEANOGRAPHY (SEE
N7T1-16513), 4. TERRESTRIAL GEOPHYSICS (SEE N71-165141,
5, UPPER ATMOSPHERE AND SPACE RESEARCH (SEE N71-16315),
6. OPERATIONS OF CHERNOMDK SEALAB! SUPPLEMENT (SEE
NTLl-165161.

GEUPHYSICS# ASTRONOMY# UCEANOGRAPHY
METEDROLOGY# USSR
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N71-19086. FIRST FIVE YEARS OF THE ENVIRONMENTAL
SATELLITE PRIGRAM: AN ASSESSMENT. FEBRUARY 1971.
N4TIONAL ENVIRONMENTAL SATELLITE CENTER, WASHINGTON, D.C.
NT1-13086 '

35p, EXAMPLES IF THE VARIETY OF DIRECT, CONTINUING
BENEFTTS TO EMVIRONMENTAL DBSERVATION AND PREDICTION IN THE
UNITED STATES AND OVERSEAS ARE REVIEWED. WEATHER FORECAST
AYD WARNING SERVICES ARE EMPHASIZED. AND MARITIME,
HYDROLOGICy SPACE ENVIRONMENT, AND EARTH MAPPING SERVICES
ARE DISCUSSED. A PRIMARY CHARACTERISTIC IS CONSIDERED TOD
B THE EFFECTIVENESS OF THE SATELLITE IN PROVIDING
INFIRMATION, ROUTINELY AND DEPENDABLY, ESPECTALLY OVER OCEANS
AND REMQDTE LAND ARFAS, OTHER IMPORTANT FACTORS ARE
[JENTIFIED AS THE RAPIDITY WITH WHICH FORECAST OFFICES
RFCEIVE YEATHER PHUTOGRAPHS AND CHARTS, THE DVERALL VIEW

OF TilE EARTH AND ATMUSPHERIC FEATURES, AND THE UTILIZATIDON
F METE(ROLOGICAL SATELLITE NATA BY OTHER NATIDNS.

AXTIFICIAL SATELLITES# WEATHER FORECASTING
ME TEORDLOGICAL DATA4 HYDROLOGY# MAPPING

NT1-14656 THRU NTl-14662. SOVIET BLOC RESEARCH IN
GEOPHYSICS, ASTRONOMY, AND SPACE, NO. 240. NOVEMBER 1970.
JYINT PUBLICATIONS RESEARCH SERVICEs WASHINGTON, D.C.
N71-166596 THRU NT1-146624 JPR5-51760 :

43P, CONTENTS: 1. ASTRONOMY {SEE NTI-1465T7), 2.
ME TEDROLOGY {SEE NT71-14658), 3. OCEANOGRAPHY

{SEE N71-14659), 4. TERRESTRIAL GEDPHYSICS (5EE
N71-16660), 5. UPPER ATMOSPHERE AND SPACE RESEARCH
{SEE N71-14661), 6. SUPPLEMENT: "30YUZ"™ COMMAND
MIDULE (SEE NT71-14662).

GEOPHYSICS# ASTRONOMY# OCEANDGRAPHY
METEDROLAOGY#H USSR

NT0-29735. THE DEVELOPMENT OF EARTH SCIENCES IN THE USSR:
SELECTED ARTICLES, VOLUME 1. JANUARY 1969.

VINIGRADDV, AP

FOREIGN TECH. DIV.s WRIGHT PATTERSON AFB, OHIO

NTO-2973%4 AD6B5004H FTD-MT-24-291-68-vOL-1

332P., COMTENTS:s THE EARTH DVERALLS (FIGURE AND GRAVITATIONAL
FIELD OF THE EARTH, ROTATION OF THE EARTH, TERRESTRIAL
TIDES, GRAVIMETRY, THERMOPHYSICS OF THE EARTH, INTERNAL
STRUCTURE OF THE EARTH, GENMAGMNETIC FIELD, SELSMOLOGY,
GEOCHEMISTHRY, BI0SPHEREY3 THE EARTHS CRUST AND UPPER
MANTLE; {STRATIGRAPHY, METHDDS OF THE DETERMINATION OF
A3SOLJITE AGE JF ROCKS AND GEOCHRONOLOGY, PALEOMAGNETIC
RESEARCHES, LITHOLOGY, PALEQOGEDGRAPHY, CONTEMPORARY SLOW
MIVEMENTS OF THE EARTHS CRUST, GEDTECTONICS, VOLUANOLOGY,
MINERALDSY, PETROLDSY, GEQOLOGY OF ORE DEPOSITS, GEULOGY OF
DL, HYDROGEOLOGY). '

GAAVITATTON# EARTH ROTATION# . SELSMOLDGY# GEOLOGY
EARTH CRUSTH4 CLIMATOLOGY# METEDROLOGY# USSR

D-24
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T2W-00-5186

TiW-00-5187

T1W-00-5200C

NTO-1685T. EXPERIMENTAL TECHNIQUES FOR LEVELS OF HIGH
PRECISION USING THE ZEISS NI 2- AUTOMATIC LEVEL. * JULY 1969,
BERRYs RM

AIMY DEPT.

N7D-16857# AD6IIBO4N MP-6I-4

293P, INSTRUMENTATION AND TECHNIQUES DEVELOPED DY THE U+ 5a
tAKE SURVEY FOR LEVELS OF HIGH PRECISION ARE DESCRIBED.
AUTOMATIC, DR SELF tEVELING ZEISS NIZ INSTRUMENT {5 USED
WITH PLANE PARALLEL PLATE MICROMETER. SPECIAL TECHNIQUES
ARE USED TO COMPENSATE FOR SYSTEMATIC ERRORS UNIQUE 710
AJTOMATIC LEVELS. LEVELS CAMN BE RUN WITH THESE METHODS

T) A TOLERANCE 2F 1.5 MILLIMETERS TIMES THE SQUARE ROOT OF
THE LENGTH OF THE SECTION IN KILOMETERS.

INSTRUMENTSA LEVELINGH WATER FLOW

N70-25618. GUIDE TD SOVIET LITERATURE ACCESSIONS IN THE
ATMOSPHERIC SCIENCES LIBRARY, AMD THE GEOPHYSICAL

_SCIENCES LIBRARY. AUGUST 1969.

DINEHOD, 1A

ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION,
SILVER SPRINGe, MD. '

NTO-256184 PBLBT473T# ESSA-WB-TA-23

T2P, THE DOCUMENT PRESENTS TRANSLATED TABLES OF CONTENTS
AMD ANNITATLIINS, AND ON A SELECTIVE BASES, AUTHORS'
ABSTRACTS, IMTRODUCTIONSs SUMMARIES, AND CONCLUSIONS.

1T PRIVIDES PROMPT DISSEMINATION OF INFORMATION CONCERNING
SIVIET CONTRIBUTINNS.

METEQROLOGY# ATMOSPHERIC SCIENCESH GEDPHYSICS

PICUMENTS# USSR

NT0-2B6T7B. °*STUDY OF THE USE OF AERIAL AND SATELLITE
PHOTOSRAMMETRY FOR SURVEYS [N HYDROLOGY. MARCH 1970,
RAMEY, EH

COMMERCE DEPT.

NIO~2B6784 ESSA-TM-NESCTM-14

, 23P. POSSIBLE APPLICATIONS DF PHOTOGRAMMETRY IN PROBLEMS OF

HYDROLOGY ARE DISCUSSED. THE CRITICAL FACTORS [N THE USE OF
SATELLITE PHOTOGRAPHS- ARE INCLUDED. THE VARIODUS PHYSICAL AND
ECONOMIC FACTDIRS.IN THE USE OF AERIAL PHOTOGRAMMETRY ARE
ANALYZED IN THE MEASUREMENT CF BOTH SNOW COVER AND SNOW
DEPTH. IT WAS COMCLUDED THAT THE REQUIRED ACCURACY CAN BE
ATTAINED, BUT SOMETIMES THE COST WOULD BE PROHIBITIVE.

THE USE OF AERIAL PHOTOGRAPHY AND OTHER RELATED SENSORS TO
SIME OTHER PROBLEMS IN HYDROLOGY ARE CONSIDERED.

P40TOGRAMMETRY# HYDROLOGY# REMOTE SENSING

P3187221., HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN
THE NDRTHERN APPALACHIAN REGIDN. AUGUST 1969.

SIPPER, WE# HIEMSTRA, LA# CREESE, RC# LAVOIE, RA
PENNSYLVANIA STATE UNIV.y UNIV. PARK

P318T221 . -

120P, TWO MATHEMATICAL WATERSHED MODELS WERE DEVELOPED: (1)
THE HIEMSTRA WATERSHED MODEL TO SIMULATE THE HYDROLOGIC
AEHAVIOR DF A& SINGLE SMALL WATERSHEDj; AND (2) RAPHAEL'S

| ARKOV CHAIN MOPEL T SIMULATE THE HYDROGRAPH OF A

CIMPLEX LARGE WATERSHED SYSTEM CONSISTING OF 10
INTERZONNECTED SUBWATERSHEDS.

HYDROLOGY® WATER SUPPLYW MATHEMAT ICAL MODELS
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13W-00-52C07

TIN-0G-5208

TIW-00-5209

Tiw-00-%5211

SL5-TP-149,. A METHOD FOR ESTIMATING VOLUME AND RATE OF
RJUNDFF IN SMALL WATERSHEDS. JANUARY 1968.

ASRICULTURE DEPT., WASHINGTON, D.C.

§25-TP-149

61 P. THE - SDIL CONSERVATIDN SERVICE (SCS} HAS DEVELRPED
CHARTS ES-1026 AND ES-1027 FOR ESTIMATING THE INSTANTANEOUS
PSAX DISCHAIGE EXPECTED FRDM SMALL AREAS. THEY PRUVIDE

THE PEAK DISCHARGE RATE FOR ESTABLISHING CONSERVATION
PRALTICES ON INDIVIOUAL FARMS AND RANCHES AND FOR THE
DESIGN JF WATER CONTROL MEASURES [N SMALL WATERSHEDS. THE
GIAPHS WERE PREPARED FROM COMPUTATIONS MADE BY AUTOMATIC
DATA PROCESSING (ADP). THE LOGIC AND PRDCEDURES USED FOR
THE ADP COMPUTATION ARE DESCRIBED.

WATERSHEDSH# RAINFALLA SURFACE WATER RUNOFF

A5~41-130., COIPERATIVE RUNUFF AND SEDIMENT INVESTIGATIONS
ON MEDICINE CREEK WATERSHED IN NEBRASKA. JUNE 1957.
ASRICULTURE DEPT.y WASHINGTON, D.C.

AYS5-41-130

95P. COMPREHENSIVE DATA WERE COLLECTED DURING THE PERIOD
1951-58 TO DETERMINE THE MPORTANT WEATHER, SOIL,
CHAANNELy GEJYIRPHOLOGIC, AND TOPOGRAPHIC FACTORS AS
RELATED TO THE DAMAGE CAUSED BY FLODD, SEDIMENT, AND
ERODSIDN IN THE MEDICINE CREEK WATERSHED OF SOUTHWESTERN
NZBIASKA.

WATERSHEDSH SURFACE WATER RUNDFF# SEDIMENTS

73W 05239. [NFLUENCE OF TOPOGRAPHY ON RAINFALL IN
WEST VIRGINIA. JUNE 1969,

GIAFTON, CR# DICKERSON, WH

WEST VIRGINIA UNIV., MORGANTOWN

45P. THE FUNDAMENTAL AIM OF THE WATER RESEARCH INSTITUTE
1S TO OBTAIN THE KNOWLEDGE NEEDED TO GAIN THE GREATEST
BENEFIT FROM THE WATER RESOURCES OF WEST VIRGINIA. THE
BULLETIN IS USED TO REPORT THE FINAL RESULTS OF PROJECTS
£4D PROGRAMS.

RAINFALLE TOPOGRAPHY# CLIMATOLOGY

T3W 05211. RAINFALL RUNDFF MODELS.
KBHLERy MA .
WEATHER RUREAU, WASHINGTON. D.C.

12P,  CONTINUING INVESTIGATIONS ON THE APPLICATION

OF HYDROLOGIC ACCOUNTING TO RIVER FORECASTING HAVE BEEN
DIRECTED LARGELY TOWARD THE DEVELOPMENT OF IMPROVED
MJILELS FOR THE RUNOFF AND SOIL MO!ISTURE DEPLETION PHASES
OF THE HYDROLOGIC CYCLE. THE SEVERAL MODELS UNDER STUDY
AJE DISCUSSED AND EVALUATED. - '

RAINFALL#Y SURFACE WATER RUNOFF¥ MATHEMATICAL MODELS



TiW-00-5212 . A -
73w 05212. RUNOFF ESTIMATION FOR VERY SMALL DRAINAGE AREAS.
WATER RESOURCLES RESEARCH. FEBRUARY, 1968. P87-93

VIESSMAN, W : :

MAINE UNIV., OROND

AVALYSES OF HYDROLODSIC DATA FROM HIGH INTENSITY SHORT
DJRATION STIRMS DN VERY SMALL DRAINAGE AREAS HAVING
VARYING PHYSICAL CHARACTERISTICS INDICATED THAT A

1 MINUTE UNIT HYDROGRAPH CUULD BE USED AS THE HBASIS FOR
GENERATING RUNDFF FROM AN EFFECTIVE RAINSTORM INPUT.

SURFACE WATER RUNOFF# HYDROUGRAPHY# HYDROLOGY

T3IW-00-5213
73w 05213, RECENT TRENDS IN HYDROGRAPH SYNTHESIS.
PROCEEDINGS JF TECHVICAL MEETING 21. 1966. 30P.
COMMITTEE FOR HYDRCLDGICAL RESEARCH TNO ‘

THE PAPERS 1IN THESE PROCEEDINGS WERE THE SUBJECT OF .
LECTURES DELIVERED AT A TECHNICAL MEETING OF THE COMMITTEE
FIR HYDROLDGICAt RESEARCH TMO IN DECEMBER 1965. THIS
MEETING WAS ORGANIZED WITH A VIEW TO CONFRONT THE RELATIYELY
YIUNG SURFACE WATER HYDROLDGY IN THE NETHERLANDS WITH

RECENT DEVELDPMENTS ABROAD. THE PAPERS MAINLY REVIEW

THE RECENT LITERATURE, BUT THEY ALSD INCLUDE SOME MATERIAL
THAT 1S NOT GENERALLY AVAILABLE TO THE AVERAGE WORKER IN
T415 FIELD.

HYDROLOGYR HYDRDGRAPHY# RALINFALL

TiW-00-5220
T3W 05220. MULTICAPACITY BASIN ACCOUNTING FOR PREDICTING
RUNDFF FROM STORM PRECIPITATION.
JIJURNAL DF GEIPHYSICAL RESEAKRCH. DECEMBER 1942,
PS1B7-5197. ! '
KIHLER, MA# RICHARDS, MM
WEATHER BUREAU, WASHINGTON, D.C.

AS A RESULT OF VARIATIONS [N SOIL AND SURFACE
CHARACTERISTICS, VEGETATIVE CUVERy ETC.y THE MOISTURE
CAPACITY IS HIGHLY VARIABLE FROM POINT TO POINT OVER A

RIVER BASIN. THE BASIC PURPDSE OF THE PAPER IS TO DESCRIBE A
METHOD DF BASIN ACCOUNTING RATHER THAN THE USE Of SUCH
AZCIUNTING TD CORRELATE RAINFALL TO RUNOFF.

RIVER BASINS# RAINFALL# SURFACE WATER RUNOFF

TIH-00-5%222 ' .

T34 05222. EFFECTS OF CLIMATOLDGIC AND BASIN
CHARACTERISTICS ON ANNUAL RUNOFF.

WATER RESOURCES RESEARCH. FIRST QTR 1967. P123-130.
MJSTDNEN, SE

BIARD OF AGRICULTUREs HELSINKIs FINLAND

"CLIMATOLOGIC AND BASIN CHARACTERISTICS AFFECTING THE ANNUAL
RINDFF IN FINLAND ARE SELECTED BY THE DRTHOGONAL REGRESSION
METHUD. :

SJRFACE WATER RUNOFF¥ CLIMATOLOGY# WATERSHEDS

73W-00-5225
TIW 05225, RUNOFF VOLUME PREDICTIDON FROM DAILY CLIMATIC
PATA, . ’ X e
WATER RESODURCES RESEARCH. FEBRUARY 1%69. PB4&-94,
KNISELs WGH# BAIRD,y RW# HARTMAN, MA
ASRICULTURE DEPT., WASHINGTON, D.C.

A TWD SDIL MOISTURE RESERVDIR MODEL [S DEVELOPED TO IMPROVE
THE ESTIMATE ACCURACY OF A RUNOFF VOLUME PREDICTION MODEL.

SJRFACE WATER RUNDFF# CLIMATOLOGY# SOIL WATER
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TAW=-00-5226

T3W-00-5228

TAW-00-52731

T3W-00-52123

TI¥wW=-00-52136

T3W 05226, PRECIPITATION RUNOFF RELATIONS FOR VERY SMALL
SEMTARID RANGELAND WATERSHEDS.

WATER RESOURCES RESEARCH. APRIL 1969. P419-425.

USBOKN, HBH# LANE, L

ASRICULTURAL RESEARCH SERVICE, TUCSOM, ARIZ.

SIMPLE LINEAR REGRESSIUN MODELS FOR PREDICTING TOTAL
VILUME OF RUNDFF, PEAK RATE 0OF RUNOFF, DURATION DF

RINDFFe AND AYDRIOGRAPH LAG TIME WERE DEVELOPED USING THREE
YEARS QOF DATA FRIM FOUR SMALL (0.56 TO 11.0 ACRES}
WATERSHEOS.

SJRFACE WATER RUNDFFH WATERSHEDN LINEAR REGRESSION

TiW 03228,- SENERALIZATION OF STREAM FLOW CHARACTERISTICS
SR0OM DRAINAGE BASIN CHARACTERISTICS. 1969.

+AOMAS,y DMH BENSON, Ma

GEOLOSITAL SURVEY, WASHINGITON, D,C,

45P. CIONTENTS: INTRODUCTION, DESCRIPTION OF STUDY REGIONS,
SELECTION OF STREAMFLOW RECORDS FOR ANALYSIS, INDICES OF
STREAMFLOW ZHARACTERISTICS, DRAINAGE BASIN CHARACTERISTICS,
AVALYTICAL METHIDS, AND RESULTS.

STREAM FLOWHF WATERSHEDS

TiW 05231. FACTORS THAT INFLUENCE STREAM FLOW IN THE

NORTHEAST.,

WATER RESOURCES RESEARCH. THIRD QTR. 1966. P371-379,.
LJLLy HKW

U.S. FOREST SERVICE, UPPER DARBY, PA.

SIPPER, WE

PENNSYLVANIA STATE UNIV., UNIV. PARK

AVERAGE ANNUAL AND SEASONAL RUNOFF AND DAILY MEAN

D1 SCHARGES AT SELECTED FLOW DURATIONS OF 137 WATERSHEDS IN
TH4E NIRTHEAST U.S. TOTALING LESS THAN 100 SQUARE MILES WERE
RELATED TO SELECTED CLIMATIC, TOPDGRAPHIC, AND LAND USE
VARTABLES.

STREAM FLOWA GEDMORPHOLOGY

BJLLETIN NO. 15. A UNIFORM TECHNIQUE FOR DETERMINING
FLOJD FLOW FREQUENCIES. DECEMBER 1967.

WATER RESOURCES COUNCIL, WASHINGTONy D.C.

BULLETIN NO. 15

15P. WITH THE GROWING NEED FOR IMPROVED FLDOD PLAILN .
MANAGEMENT, DESIRABILITY OF A BASIC, UNIFDRM METHOD OF
ESTABLISHENS FLOOD FREQUENCIES FOR GENERAL USE THROUGHOUT
THE NATION IS MANIFEST. MWITH THIS NEED IN MIND, THE

UNIFORM TECHNIQUE FOR DETERMINING FLOOD FLOW FREQUENCIES SET
FIJRTH IN THIS BULLETIN WAS ADOPTED BY THE COUNCIL®S
yDROLNGY COMMITTEE.

FLOGD PLAINSH RfVER BASINSA FLOOD CONTRDL

73In 05236, FIRESTS AND FLOODS IN THE NORTHWESTERN UNITEb
STATES. SEPTEMRER 1959. -
ANDERSON, HWH¥ HOBBA, RL

LJP. FLDOD CAUSES CAN BE DETERMINED BY ANALYSIS OF

FLOODS FROM WATERSHEDS WITH WIDE DIFFERENCES IN
MZTEQROLOGISZAL HAPPENINGS AND IN TOPDGRAPHIC AND GEOLOGICAL
CHARACTERISTICS. VARIATIONS IN THESE BRING ABOUT WIDE
FLUCTUATIONS IN FLOOD SIZE.

FLOODS# FORESTRY# WATERSHEDS.
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TIN-00-5242

TIW-00-5243

Tin-00-5244

 TAN-00-5245

T1W-00-5247

-

736 05242. SYMPDSIUM ON ANALYTICAL METHODS IN HYDRULOGV.
WASHINGTON, D.C. APRIL 1966..

WATER RESOURCES RESEARCH. THIRD QTR 1967. P805-907.
AMERICAN GEJIPHYSICAL UNION :

THE EIGHT PAPERS ARE EXPLANATORY DISCUSSIONS OF SOME
AVALYTJCAL TECHNIQUES IN CURRENT USE IN SURFACE WATER
HYDRDLOGY. THEY ARE PRESENTED 8Y THE SURFACE WATER
COMMITTEE IN THE HOPE THAT ALL HYDROLOGISTS MAY BENEFIT
THAROUGH FULLER UNDERSTANDING OF SUCH TECHNIQUES. THE PAPERS
PLESENT EXPLANATIONS OF RECENT AND SIGNIFICANT ADVANCES IN
HY OROLDGIC ANALYSIS.

HYDROLOGY# SURFACE WATERS

73w 05243, INFILTRATIDN, OVERLAND FLOW, AND SOIL
MIVEMENT ON FROZEN AND SNOW COVERED PLDTS.

WATER RESDURCES RESEARCH. FIRST QTR 1967. P145-161.
HAUPT, HF

FIRESTRY SCIENCES LABORATDRY, MOSCOW.,

THIS SMALL PLDT STUDY SHOWS HOW GROUND COVER, FURROMWING, AND
THE PRESENCE OF FROST IN SUILS OF THE SIERRA NEVADA

AFFECT INFILTRATION FROM PROLONGED SIMULATED WINTER

RA INS,

FLUID INFILTRATION# FROST# SNOW

73W 05244. RELATIONSHIP BETWEEN PRECIPITATION, EVAPORATION,
AND RUNDFF IN TROPICAL EQUATURIAL' REGIONS.

WATER RESOURCES RESEARCH. FIRST QTR 19647. P163-172.
SILOMINY S. P

. SHAWINIGAN ENG. CD., LTD-r HDNTREAL, CANADA

BIUCHET'S THEORY ON ACTUAL AND POTENTIAL EVAPORATION CAN
BE USED AS A BASIS TO DEVELUP SEMIEMPIRICAL RELATIONSHIPS
BETWEEN PRECIPITATION, ACTUAL EVAPORATION, AND RADIATION.

73W 05245. LINEAR TIME VARYING -MODEL OF RAINFALL RUNOFF
RELATION. .

WATER RESOURCES RESEARCH. APRIL 1969. Pu26~437.

C41U, CH BITTLER, RP - :

PITTSBURGH UNIV., PA.

THE LINEAR TIME VARYING SYSTEM HDDEL 0oF THE RAINFALL RUNOFF
RELATION CAN BE REPRESENTED BY A FIRST ORDER, LINEAR
JIFFERENTIAL EQUATION WITH TIME VARYING COEFFICIENTS THAT
DEPEND 1IN TWO PARAMETERS.

RAINFALL# SURFALE WATER RUNDFF# HYDROLDGY
LINEAR DIFFERENTIAL EQUATIDNS

T3W 05247. SOME. COMMENTS ON THE USE OF FACTOR ANALYSES.
WATER RESOURCES RESEARCH. FIRST QTR. 19&7. P213-223,
MATALAS, NC# REIHER, BJ ‘

GEOLOGICAL SURVEY, ARLINGTON, VYA.

FACTOR ANALYSIS I'S A TECHNIQUE THAT PURPGRTS TO EXPLAIN
03SERVED RELATIONS AMONG SEVERAL VARIATES IN TERMS OF
SIMPLER RELATIONS: THAT ‘PROVIDE INSIGHT INTO THE UNDERLYING
STRUCTURE OF THE. VARIATES,.

FACTOR ANALYSISH STATISTICS# MULTIVARTIATE ANALYSIS



TIN-00-5248

Tiw=-00-5249

T3W=-00-5255

TIW-00-5258

73N 05248. FACTIR ANALYSIS IN HYDROLOGY - AN AGNOSTIC VIEW.
WATER RESOURCES RESEARCH. JUNE 1968. P521-527.

WALLIS, JR

134 YORKTOWN HEIGHTS, RESEARCH

FACTOR ANALYSIS USED AS A NUMERICAL PROCEDURE FOR

SIREENING VARTADLFS IS A USEFUL AND POWERFUL TOODL FOR
HYDRDOLOGIC ANALYSIS THAT CAN BE EXPECTED TO YIELD EQUATICONS
THAT QUTPERFORM OTHERS WHEN USED AS PREDICTORS FQOR

CINTROL SAMPLES.

FACTOR ANALYSISH REGRESSION ANALYSIS# HYDROLOGY

TIW 05249, SENSITIVITY ANALYSIS METHDD OF SYSTEM
IDENTIFICATION AND ITS POTENTIAL IN HYDROLOGIC RESEARCH.
WATER RESQURCES RESEARCH. APRIL 1969. P341-349,
VIMURL, v# DRACUP, JA# ERDMANN, RC

ENVIRINMENTAL DYNAMICS, INC., LDS ANGELES, CALIF.
VEFURI, N '

BAMARIS UNIV.y INOIA

THE APPLICABILITY OF THE SENSITIVITY ANALYSIS METHOD TO
IDENTIFY BOTH LUMPED AND DISTYRIBUTED HYDRDLOGIC SYSTEMS WITH
DETERMINISTIC OR STATISTICAL INPUT OUTPUT DATa IS
DEMONSTRATED.

SENSITIVITYK HYDROLOGY# ALGORITHMS

T3W 05255. WATERSHED MODELING APPROACH TD EVALUATION OF THE
HYOROLOGEIC PITENTIAL OF UNIT AREAS. 1965.

ANDERSONy HW :

ASRICULTURE DEPT., BERKELY, CALIF.

12P., FACTOR ANALYSIS [S USED IN TESTING THE ADEQUACY OF
SAMPLING OF INDEPENDENT VARIABLES: PRINCIPAL COMPONENT
REGRESSION ANALYSES ARE USED IN ESTABLISHING PHYSICAL
RELATIONS TQ SENIMENT AND SNOW. FACTDR CONTRIBUTIONS
AFTER VARIMAX ROTATION ALLUWS IMPROVED INTERPRETATION OF
EXPLAINED VARITANCE., APPLICATION OF A MDDEL IN EVALUATING
FLODD SOURCES AND THE SEDIMENT POTENTIAL OF UNIT AREAS IS
ILLUSTRATED.

WATERSHEDS# HYDROLOGY# FACTOR ANALYS (S

73W 05258. USE OF TOPOLOGIC INFORMATION IN PROCESSING DATA
FOR CHANNEL NETWORKS,

WATER RESDURZES RESEARCH, JUNE 1970. P932-936,

SMART, JS

IBM YORKTOWN HEIGHTS, RESEARCH

THE BINARY DIGIT REPRESENTATION OF CHANNEL NETWORK TOPOLOGY
IS PRIPISED AS AN AID TO DATA HANDLING FOR CHANNEL NETWORKS,
EXAMPLES OF ITS USE ARE DRAWN FROM THE FIELDS OF WATER
POLLUTION CONTROL AND GEOMDRPHOLOGY.

TIPOLIGYH DATA PROCESSINGH DHANNELS /WATERWAYS/
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TIW~00-5262

TiW=-00-52613

T3iW-00-5264

TIWN-00~52606

AR

738 05262, DISTRIBUTION OF INTERIOR LINK LENGTHS IN NATURAL
CHANNEL NETWORKS.

WATER RESOURCES RESEARCH., DECEMBER 1969. P1337-1342.
SHART, J§ N

I3IM YORKTOWN HElGHTS. RESEARCH

INTERIDR LINK LENGTHS WERE MEASURED FOR 10 CHANNEL
NETWwDIKS WITH4 MAGNITUDES BETWEEN 80 AND 200. NONPARAMETRIC
STATISTICAL METHODS WERE USED TO 'TEST THE HYPDTHESIS THAY

LINK LENGTH 1S INDEPENDENT 0OF LINK MAGNITUDE. FOUR OF THE

NI TWOIKS SHOm NO SIGNIFICANT CHANGE (5 PERCENT LEVEL) OF
LINK LENGTH WITIt MAGNITUDE. SOME OF THE OTHER NETWORKS DO
HAVE SIGNIFICANT CHANGES IN LINK LENGTH, BUT THE EXACT
NJMOER DEPENDS ON THE NATURE OF THE ALTERNATIVE HYPOTHESIS.
HALF JF THE JBSERVED CHANGES WERE POSITIVE AND HALF HERE
NEGATIVE.

CHANNELS /WATERWAYS/# STREAMS

73W 05263,  STATISTICAL PROPERTIES OF STREAM LENGTHS.
WATER RESOURCES RESEARCH. DCTOBER 1968. P1001-1014.
SMART, JS ’ oo

I[3M YORKTOWN HEIGHTS, RESEARCH

TAQ BASIC ASSUMPTIONS ARE EMPLOYED IN THIS TREATMENT OF THF
STATISTICS JF STREAM LENGTHS: (1) ALL TOPOLOGICALLY
DISTINCT NEfWORKS WITH A GIVEN NMUMBER OF SOURCES ARE
EJUALLY LIKELY: (2) LENGTHS OF INTERIDR LINKS IN A GIVEN
NETWOIK ARE INDEPENDENT RANDOIM VARIABLES DRAWN FROM THE
SaAME POPULATIODN. ' '

STREAMSH GEDOMDRPHDLOGY# WATERSHEDS

7AW 05264. MEAN STREAM NUMBERS AND BRANCHING RATIOS FOR
TIPOLOGICALLY RANDOM CHANNEL NETWORKS.

BJLLETIN OF THE INTERNATIONAL ASSOC. OF SCIENTIFIC
HYDROLDGY« DECEMBER 1968. Pbl-b64.

SMART, JS o

13M YORKTOWN HEIGHTS, RESEARCH

SH4REVE'S FORMULAS FOR TOPDLOGICALLY RANDOM NETWORKS ARE
USED TO CALCULATE MEAN STREAM NUMBERS AND MEAN BIFURCATION
RATIOS FOR PARTICULAR VALUES OF N SuUB 1. THE EXALT VALUES
AYE CIMPARED WITH THE MONTE CARLO RESULTS OF LIAD AND
SCHEIDEGGER.

STREAMSE CHANNELS IHAIERHAYSI# TOROLODGY :

73W 05266, THE RELATION BETHEEN HAINSTREAH LENGTH AND
AREA [N DRAINAGE BASINS: :

WATER RESQURCES RESEARCH. FOURTH QTR. 1967. P963-9?4.
SMART, JSH SURKAN, AJ .

13M YORKTOWN HEICHTS, RESEARCH

'DATA ARE PRESENTED FOR BOTH REAL. AND SIMULATED STREAM

SYSTEMS. CONCLUSIONS ARE: {1) VARIATION IN MAINSTREAM
SINUNSITY WITH- AREA CAN BE RESPONSIBLE FOR A SIGNIFICANT

“PART OF THE DEVIATIDON OF N PRIME FROM 1/2. (2) THE GENERALLY
ATCEPTED STATEMENT THAT DRAINAGE BASINS B8ECOME MURE

ELONGATED AS THEIR AREA INCREASES NEEDS FURTHER
INVESTIGATIDN.

WA TERSHEDS# GEOMORPHDLOGY# RIVERS
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13W-00-5268
Ti-156. LIST OF SAMPLE PARAMETERS OF QUANTITATIVE
PROPEITIES OF LANDFORMS: THEIR USE IN DETERMINING THE S1ZE
OF GEJMORPHIL EXPERIMENTS. 1958.

MELTON,y MA
COLUMBIA UNIV., NEW YORK, N.Y.
T3-16

17P. THE LIST DF SAMPLE PARAMETERS PRESENTED HERE PROVIDES
ESTIMATES OF VARIANZE, MEANS, AND COEFFICIENTS OF VARIATION
VIR PIPULATIINS THAT HAVE BEEN STUDIED IN THE RECENT PAST,
AND WILL BE DF CONTINUED INTEREST. BRIEF DESCRIPTIONS OF
THE SEOLOGIC AND CLIMATIC ENVIRONMENTS FROM WHICH EACH
SAMPLE WAS DRAWN WILL ALLOW AN INVESTIGATOR TO SELECT THE
SAMPLE MOST NEARLY LIKE HIS OWN EXPERIMENTAL MATERIAL.

AS MURE DATA BECOME AVAILABLE, THIS LIST CAN BE GREATLY
ENLARGED, THEREBY INCREASING [TS USEFULNESS.

GEQMORPHOLOGY ¥ LANDFORMS

T2a~00~-%249
73W 05269. HYDRUGEJIMORPHROLDGY. OCTOBER 1963.
MILLER, CR

15¢, GEOMORPHIL AND HYDROGEOMORPHIL FACTORS ARE INHERENTLY
INVILVED IN ANY WATERSHED CONVERVATION OR WATER
RESUURCES DEVELDPMENT PROGRAMS,

GEOMDRPHOLOGYA WATERSHEDS# MORPHOLOGY

7 W-00-5%270
T¥~-17. RELATION OF MORPHOMETRIC PROPERTIES TO RUNOFF IN
T4E LITTLE MILL CREEK, OHICQ, DRAINAGE BASIN. 1959,
MIRISAMA, ME .
COLUMBIA UNIV.s NEW YORK, N.Y.
T-17

1JP. OUANTITATIVE GEOMURPHIC CHARACTERISTICS UF FIVE
SUBDIVISIONS OF MILL CREEK WATERSHED, OHIGy WERE CURRELATED
Wl TH HYDROLDGIC NATA. IN SUCH A SMALL HOMOGEMNEOUS BASIN
FACTORS OF CLIMATE, STRUCTURE, LITHOLOGY AND S0IL TYPE ARE
ASS5UMED TO BE MINIMIZED AS SIGNIFICANT VARIABLES.
SIGNIFICANT REGRESSIONS WERE OBTAINED FOR AVERAGE STREAM
DISCHARCE ON BASIN AREA, RELIEF RATIO, CIRCULARITY, AND
ELONGATION. REGRESSIONS FUR PEAK RUNOFF ON EACH OF THESE
MIRPHOMETRIC MEASUREMENTS ALSD PRUVED YO BE

SIGMIFICANT, THESE RELATIONSHIPS MAY PROVE USEHUL IN
ESTIMATING STREAM FLOW IN UNGAGED PORTIONS OF DRAINAGE
BASINS,

GEOMORPHNOLOGY# WATERSHEDSH SURFACE WATER RUNOFF

T3W-00-5271
73W 05271, PHYSIOGRAPHIC CHARACTERISTICS AND THE RUNOFF
PATTERN., MAY 1964.
GRAY, DM
SASKATCHEWAN UNTV., SASKATUON, CANADA

21P. THE INFLUENCE OF SEVERAL GEDMDRPHIC CHARACTERISTICS
OF A WATERSHED AS, DRAINAGE AREA SIZE, LENGTH AND SLOPE OF
THE MAIN STREAM, GENERAL LAND SLOPE AND CHANNEL GEQMETRY OM
THE TIME DISTRIBUTION OF SURFACE RUNOFF [$ DISCUSSED.
THE PRESENTATION EMPHASIZES THE INTERRELATIONSHIPS BETWEEN
CERTAIN GEOMORPHIC PROPERTIES OF A WATERSHEN AND DEMONSTRATES
THE USE OF THE FACTORS FOR SYNTHESIZING UNIT GRAPHS FOR
UNGAGED AREAS., CONSIDERATION IS ALSO GIVEN TO THE EFFECT
OF S5UCH FACTORS AS CLIMATE TUPDGRAPHY AND VEGETATION THAT
gETERHINE THE CHARACTERISTILS OF HYOROGRAPHS FROM MELTING
NOW.

GEOMORPHOLOGY# WATERSHEDSH# SURFACE WATER RUNDFF



TW-00-5272 -

TIW=00~-5273

73W~00-5278

TiW-00~5279

TiW-00~-5288

T3M 05272. THE SYNTHES[S DF DISTRIBUTED INPUTS FOR
HYDROGRAPH PREDICTIUNS. |

WA TER RESNURCES RESEARCH. FEBRUARY 1968. P79-85.
BRLAKENSIEK, DL¥ ONGTAD, CA T

- ASGRICULTURE DEPT., BELTSVILLEv HD. Coe

A SURFACE FLOW HUDEL BASED ON KINEMATIC WAVE THEORY 1§
APPLIED TO A FLOW SYSTEM DERIVED FROM .THE. GEOMORPHIC
PROPERTIES OF THE WATERSHED IN QUESTION.

HY DROLOGYW SUR#&CE‘NATER RUNDFF# WATERSHEDS

73w 05273. ISOLATION AND CHARACTERIZATION DF HYDROLOGIC
RESPUNSE UNITS WITHIN ACRICULTURAL WATERSHEDS.

WATER RESOURGES RESEARCH. FEBRUARY 1968. P73-77.
EVGLAND, CB# ONSTAD, CA B
ASRICULTURE DEPT., BELTSVILLE, M.

TD EXTRAPOLATE HYDROLOGIC RELATIONS. FROM SMALL TO LARGE
ATEAS, A WATERSHED CAN BE PARTITIONED BY ISOLATION OF UNITS
OF RELATIVE HIMIGENEITY WITIH RESPECT TO SUIL TYPE, LANDFORK,
AND LAND USE THAT FALL INTD A SEQUENCE CDMPATIBLE WITH THE
HYDRAULICS DF OVERLAND AND SUBSURFACE FLOWS.

HYDROLOGY#H WATERSHEDS# SURFACE WATER RUNOFF

Ti-11. AN AMALYSIS OF THE RELATIDNS: AMONG ELEMENTS OF
CLIMATE, SURFACE PROPERTIES, AND GEOMORPHOLOGY. 1957.
MELTON, MA ‘

CILUMBTA UNIV.s+ NEW YORK, N.Y.

T2-11

17§P-‘ LANDFURM MORPHOMETRY - IS RELATED TO CAUSATIVE
FACTORS5 OF CLIMATE, MANTLE CHARACTERISTICS, VEGETATION

T PENSITY, AND LITHOLDGY. DRAINAGE BASINS ANALYZED ARE

1IN MATURE FLUVIAL OEVELOPMENT, FREE FROM -08VIOUS STRUCTURAL

"IYFLUENCE, AND IN CLIMATES RANGING FROM ARI{D TO HUMID. OVER

83 DASINS IN ARIZONA, COLORADD, NEW MEXICO, AND UTAH WERE
INSPECTED IN THE FIELD: 22 WERE SUBJECTED. TO DETAILED
FIELD INVESTIGATIONS. .

GEOSIRPHOLNGY ¥ LANDFDRMSH TDPOGRAPHY -

73w 05279. HORTONS LAW OF STREAM ORDER NUMBERS AND A
TEMPERATURE ANALOG I[N RIVER NETS,

WATER RESOURCES RESEARCH. FESRUARY 1968, Pl&7-171.
STHEIDEGHERs AE '

ILLINDIS UNIV. s ‘URBANA

STATEMENTS (OF HORTONS LAW IN HORTON, STRAHLER AND CONSISTENTY
STREAM DRDFRING SYSTEMS ARE PRESENTED. A TOPOLOGICAL
CHARACTERIZAT]UV DF A HDRTON NET 1S GIVEN.

RIVERSH rEDMURPHDLUG

73W 0528B. THE 3 PARAMETER LOGNDRMAL DISTRIBUTION AND .
ITS APPLICATIONS IN HYDROLOGY. '

WATER RESOURCES RESEARCH. APRIL 1970. P505-515,
SANGAL, BP# BISHAS, AK P L

DEPARTMENT OF ENERGY, MINES AND RESOURCES,

DTTAWA, CANADA . , .

THE 3 PARAMETER -LOGNQRMAL DISTRIBUTION IS A GENERAL
SLEW DISTREBUTION [N WHAICH THE LOGARITHM OF ANY LINEAR
FJNCTION UF A GIVEN VARIABLE 15 NDRMAELY DISTRIBUTED.

HYDROLOGY® SKEWED DENSITY FUNCTIONS



TIN-00-~5289 . .
TAIW 05289, RUNDFF ESTIMATION FOR VERY SMALL ORAINAGE AREAS,
WAYER RESOURCES RESEARCH. FEBRUARY 1968, P87-93,

VIESSMAN, W

MALINE UNIV.y ORNND

AMALYSIS OF HYDRODLOSIC DATA FROM HIGH INTENSITY SHORT
DJRATION STIRMS ON VERY SMALL DRAINAGE AREAS HAVING

VARY [NG PHYSICAL CHARACTERISTICS INDICATED THAT A ONE MINUTE
UNIT 4YDROGRAPH COULD BE USED AS THE BASIS FOR GENERATING
RINOFF FROM AN EFFECTIVE RAINSTORM INPUT. PROCEDURES ARE
GIVEN FOR ESTIMATING NET STURM INPUTS.

HYDROLOGY#H SURFACE WATER FUMOFFH WATERSHEDS

73W-00-5292
734 05292. CUMMENTS ON "COMPUTATION OF OPTIMUM
REALIZABLE UNIT HYDROGRAPHS" BY PS EAGLESON, R MEJIA,
AND £ MARCH,
WATER RESOURCES RESEARCH. FEBRUARY 1968. P212-217,
NASH, JE# U'CONNOR, KM
UNIVERSITY COLLEGE, GALWAY, IRELAND

T41S PAPER PRESENTS A NUMERICAL METHOD OF DERIVING UNIT
HYDROGRAPHS FROM COMPLEX EVENTS BY PROGRAMMING A LEAST
SJUAAES SOLUTIUN OF THE WIENER HODPF EQUATIDNS IN DISCRETE
TIME FORM,

HYDROGRAPHY# LEAST SOUARES METHOD
]

730005293 . )
T3IW 05293, STEPS TOWARD A BETTER UNDERSTANDING OF URBAN
RUNDFF PROCESSES.
WATER RESOURCES RESEARCH. APRIL 1968. P335-347,
BRATER, EF
MICHIGAN UNIV., ANN ARBOR

T41S PAPER DEALS WITH THE STUDY OF INFILTRATION .PROCESSES
TAAT DETERMINE HOW MUCH OF A RAIN OR SNOW MELT BECOMES
STORM RUNOFF.

SJRFACE WATER RUNDFEWN FLUID INFILTRATION# STORMS

1IN-00-5294
73IW 05294, A MATHEMAT]CAL MODEL FOR STMULATING THE
HYDROLOGIC RESPONSE OF A WATERSHED.
WATER RESDURCES RESEARCH. JUNE 1968, P529-539,
HJIGGINSy LFF MONKE, EJ
PURDUE UNIV., LAFAYETTE, [ND.

A GENERAL MATHEMATICAL MODEL WAS DEVELOPED TO SIMULATE
THE SURFACE RUNOFF FROM WATERSHEDS.

HYDROLOGEYSH WATERSHEDS# SIMULATION
MATHEMATICAL MOOELS

73IN-00-5295
73W 05295. COMMENTS ON "ANALYSIS OF NONLINEARITIES IN
GROUNU WATER HYDROLIGY: A HYBRID COMPUTER APPROACH" BY
V VEMURI AND JA DRACUP. )
WATER RESOURCES RESEARCH. JUNE 1968. P670-688.
T4OMAS, RG
UNITED NATIONS, ROME, ITALY

THE PAPER ILLUSTRATES THE RAPID ADVANCES THAT HAVE BEEN
MADE IN APPLYING THE NEWER COMPUTER TOOLS TU HYDROLOGIC
PROBLEMS ,

HYDROLOGY# AYBRID COMPUTERS# DIGITAL COMPUTERS

D-34



TIW=-00-5297

Tiw-00-5298

1iw-00-5299

73w=00-5371

T1W-00~5302

73IW 05297, COMMENTS ON PAPER "LINEAR ANALYSIS OF
H¥DRO3AAPHSE® BY WD MITUHELL.

W.TER RESOURCES RESEARCH. AUGUST 1968. PB44-B4b.
JAMIESON, DGH ONSTAD, CA

ASRICULTURE DEPT., BELTSVILLE, MD.

LINEAR SYSTEMS HAVE SEVERAL PROPERTIES, MOST OF WHICH HAVE
BEEN USED TO DEFINE LINEARITY AT ONE TIME OR ANOTHER.
HIKEVER, THE FUNDCAMENTAL PROPERTY, AND THEREFORE THE
DEFINITIDN, IS THE PRINCIPLE OF SUPERPOSITION,.

HYDRULOGY# LINEAR SYSTEMS

73W 05298. OPTIMAL TAXING OF WATER POLLUTION.
WATER RESOURCES RESEARCH. NCTOBER -1968. PB65-8T5.
UPTUN, C ‘ :
CHICAGD UNIV., ILL.

.HWITHIN THE CONTEXT OF THE MODELv DPTIHAL TAXES ON WATER

POLLUTION DO EXIST.

N&TER QUALITY#H WATER POLLUTIDN# TAXING

73W 05299. UNIFDRM £LOOD FREQUENCY ESTIMATING METHODS FOR
FEDERAL AGENCIES.

WATER RESQURLCES RESEARCH. DCTOBER 1968. PB891-308.
BENSON, MA ‘

GEULNSLICAL SURVEY, HASH[NGIUN, DeCs

LARGE SCALE PLANNING FUOR IMPROVED FLOOD PLALN MANAGEMENT.
AND EXPANDING WATER RESOURCES DEVELDPMENT HAS MADE IT
INCREASINGLY IMPORTANT THAT A CONSISTENT APPROACH BE
ADUPTED FOR ESTIMATING FLOODD FREQUENCIES.

FLOODS# RIVERS# STATISTICS

73w 05301, THE USE UF A SQUARE GRLID SYSTEM FOR COMPUTER
ESTIMATION OF PRECIPITATION, TSMPERATURE AND RUNOFF.
WATER RESDURCES RESEARCH. NCTOBER 1968. P919-929.
SOLOMING SIH CHARY, EJ# WOOLLEY, JA# CaDOU, C

SYAWINIGAN ENGINEERING CO.» LTD.» MONTREAL, CANADA

THIS PAPER PRESENTS THE hPPLICATiDN-DF THE SQUARE GRID
SYSTEM TU THE ESTIMATION OF THE PRECIPITATION, TEMPERATURE.

CAND RUNTIEF DISTRIBUTION IN A LARGE AREA, 1T SHOWS HOW

THE USE (F THE SYSTEM ENABLES EFFICIENT CUMBINATION OF
THE METEQROLOGIC AND HYDROLOGIC INFIRMATION AVALLABLE IN
ASSESSING THE PRECIPITATIBNs, TEMPERATURE, AND RUNOFF
DISTRIBUTION. ) :

DIGITAL COMPUTERSH SURFACE WATER RUNOFF@ WATERSHEDS
73w 05302. SOME COMMENTS ON REGIONALIZATION IN HYDROLOGIC

STUDIES. .
WATER RESOURCES RESEARCH. DECEMBER 1968. Pl1l361-1374

. MATALAS, NC¥ GILROY, EJ

GEOLOGICAL SURVEY: ARLINGTON, VA.

T415 PAPER EXAMINES THE UTILITY OF REGRESSIDN ANALYSIS AS
A REGIONALIZATION TECHNIQUE.

STATISTICS# SYNTHESIS# HYDROLOGY



TIN-00-5320

TIW-00-5321

T3IN-00-5322

NS T-39649, AGRICULTURAL APPLICATION OF REMOTE SENSING.
T4E PDTENTIAL FROM SPACE PLATFORMS., SEPTEMBER 1967.
FREY, HT

AGRICULTURE DEPT., WASHINGTON, D.C.

NS 7T-39649# NASA-CR-B9645

35P. CUARENT RCSEARCH AND LITERATURE WERE REVIEWED TO
IDENTIFY AGRICULTURAL APPLICATIONS OF REMOTE SENSING BY LOW
ALTITUDE SPACE PLATFOQRMS. EXISTING PHOTOGRAPHIC SENSORS
AND PHOTGOGRAPH INTERPRETATION TECHNIQUES WERE FOUND TO BE
ADEQUATE TD PERFIRM A VARIETY DF AGRICULTURAL SURVEY TASKS
FROM SPACE PLATFORMS. RECUONNAISSANCE SURVEYS OF MaJOR LAND
USES, SUILSe WATER BGODIES, RANGE CONDITIONS, AND CROPPING
PLACTICES ARE TECHWICALLY FEASIBLE. CONSISTENT AND ACCURATE
IDENTIFICATIUN OF CROP SPECIES, ANALYSIS OF CRUP VIGOR,

AND ESTIMATION OF CROP PRODUCTION ARE NUY CLEARLY FEASIBLE.
HIWEVERs SUCH INTERPRETATIOUMS AS THESE ARE PROBABLE IN
SHECTAL SITUATIONS USING PHOTOGRAPHIC METHODS. THEC
DEVELDPMENT OF NMNPHOTOGRAPHIC SENSING AND INTERPRETATION
CAPABILITIES MAY RESULT IN SUBSTANTIAL INFORMATION GAINS,
PARTICULARLY WHEW USED IN CONJUNCTION WITH PHOTOGRAPHIC
IMAGERY. DETAILED SOIL SURVEYS AND LIVESTOCLK CENSUSES
APPCAR UNATTAINABLE FRUM SPACE ALTITUDES BECAUSE OF
[NADEQUATE RESOLUTION AND INTERPRETATION TECHNIGUES.

REMOTE SENSINGU PHOTOGRAPHLIC IMAGES
SIAZE STATIONSH PHOLOINTERPRETATION

NT0-13504. A NUMERICAL MODEL FOR THE SIMULATION OF
TIDAL HYDRDDYNAMICS IN SHALLOW IRREGULAR ESTUARIES.
FEBRUARY 1969. _

MASTH, FD# SHANKAR, NJ# JEFFREY, M# BRANDES, WA
TEXAS UNIV., AUSTIN

N7O-135044 PH1848344 HYD-12-6901

135P. WORKING UNDER THE ASSUMPTION OF COMPLETE YERTICAL
MIXINGy A TWO OYMENSIONAL TIME DEPENDENT MODEL I35

DESCRIBED WHICH PROVIDES SPATIAL AND TEMPORAL VARIATIONS OF
TIDAL FLOWS AND AMPLITUDES. THE MODEL ACCOUNTS FOR

VARIOUS PHYSIDGRAPHIC FEATURES FOUND IN SHALLOW ESTUARIES,
VARTABLE INFLOWS, LOW TIDAL ACTION, AND OTHER HYDRDLOGIC
CHARACTERISTICS. THE MODEL FURTHER PROVIDES FOR THE
INCLUSION OF WIND STRESS AND CORIOLIS FORCES.

HYDRODYNAMICS# MATHEMATICAL MODELSH VELOCITY
FINITE DIFFERENCE THEORY# TIOES# ESTUARIES

N69-28809. AERIAL PHOTOGRAPHY FDR SHALLOW WATER STUDIES UN
THE WEST EDGE OF THE BAHAMA BANKS. 'NOVEMBER 1968,

CINROD, AN KELLY, Mi BOERSMA, A

MIT, CZAMBRIDGE

N59-2BBJ9K ADGB4146# RE-42

93p. EXPERJMENTS IN ECOLDGICAL SURVEYING AND SHALLDW

WATFR RECONNATSSANCE BY AERIAL PHOTOGRAPHY ARE REPORTED.
THE BIMINI-CAT CAY AREA 15 DESCRIBED IN TERMS OF ITS LARGE
woALE FEATURES, AND THE RESULTS OF SITE SURVEYS VS AERIAL
P40TOGRAPHEL INTERPRETATION ARE DISCUSSED. THE GENERALIZED
PIOBLEM OF DEPTH PENETRATINN 1S PRESENTED,s AS ARE METHODS
OF PHOTQOGRAPHIC IMAGE ENHANCEMENT FOR IMPROVEDR DEPTH
PENETRATION AND BOVTOM DETAIL ODISCRIMINATION. PHOTOGRAPHIC
AND THERMAL IVFRARED IMAGERY DF BISCAYNE BAY IS& PRESENTED,
THOUGH WITH LIMITED DISCUSSIUN.

SHALLOW WATERN AERIAL PHOTOGRAPHY
PHOTOGRAPHIC [MAGES



TIW-00~5322 . .

N59-18523. INTERPRETATION OF AERIAL PHOTOGRAPHS IN THEORY
AND PRACTICE (SELECTED ARTICLES). MARCH 1968.

BAKHVALOVs VYM# KDLTS0OVs VV

FIREIGN TECH. DIV., WRIGHT PATTERSON AFB, OHIO

N59-18523# AD6TOT214 FTD-HT-23-121-68

43P, CONTENTS: 1. ESTIMATION OF THE SPECTRAL BRIGHTNESS
OF HAZE AND [TS EFFECT ON THE PHOTO INTERPRETATION OF
ATRIAL PHOTOSRAPHS 2. SPECTROMETRIC AERIAL PHOTDGRAPHY
us ING A COMPUTER.

ATRIAL PRUTASRAPHY# ATMOSPHERIC SCATTERING
SPECTROMETEASH SPECTROSLOPYH# PHOTOINTERPRETATIUN

T-00-5224
N68-17408. THE USE OF MULVISPECTRAL SENSING TECHNIQUES
T3 DETECT PINDERDSA PINE TREES UNDER STRESS FRUM INSECT OR
PATHRGENIC ORGANISMS. SEPTEMBER 1967. ‘
HELLER, RCH# ALDRICH, RCH WEDER, FP# MC CAMBRIDGE, WF
PACIFIC SOUTHWEST FOREST AND RANGE EXPERIMENT STATION,
BERKELEYy CALIF. :
NYB-174708¢ NASA-CR-931734 APR-Z

73P. BOTH GRIUVD AND AIRBORNE OPERATIONS WERE CUNDUCTED
TO IDENTIFY THE LIKEL [EST SENSORS AVAILABLE YO FORESTERS 10
DETECT EARLY TREE STRESS. AERIAL PHOTOGRAPHY [COLOR AND
FALSE CULDR} WAS TAKEN AT FIVE PERIODS (OCTONBER 1966, MAY,
JJNE, JULY AND AUGUST 19&7) OVER SIX INFESTATION CENTERS TO
FAPTURG THE CHANGES IN FOLIAGE COLORATION. OPTICAL
AECHANTCAL SCANMING IMAGERY WAS OBTAINED IN THREE
WAVELENGTHS JVER A THREE DAY PERIOD IN JUNE 1967.
BETTER GROUND INSTRUMENTATION WAS DEVELOPED THIS SEASON FOR
MEASURING SAP FLOW, EMITTED FOLIAGE TEMPERATURE, AND

. METEDROLNGICAL CONDITIONS. ~ A PROMISING NEW DEVICE
[$CHOLANDER BOMB) MEASURED HIGHLY SIGNIFICANT DIFFERENCES IN -
NEEDLE MOISTURE TENSION BETWEEN HEALTHY AND STRESSED -
FILIAE. FILIAGE DISCOLORATION RATES. IF ALL 204 INFESTED
TREES WERE ESTABLISHED B8Y COMPARISON WITH MUNSELL
CARDS. - !

TREMUOTE SENSINGH AER1AL PHDTDGRAPHYH FDREST TREES

.

73W-00-5325 ' :

Ny8-38142, STATUS OF AERIAL COLOR PHDYOGRAPHY IN
GIVERNMENT AGENCIES. MAY 1968,

ANSON, A '

AIMY ENGINEER TOPOGRAPHIC LABS., FORT BELVODIR, VA.
N48-3B1424 AD6T4189# USAETL-TB-1

92p. THE UTILITY OF AERIAL COLDR PHOTOGRAPHY FOR STUDIES

IN THE FI1ELDS OF GEOLOGY, GEOGRAPHY, ARCHAEOLOGY,

LANDFORMS, RANGE MANAGEMENT, TARGET DETECTIONy HIGHWKAY
PLANNINS, AND HYDROLOGY HAS BEEN RECOGNIZED BY THODSE WHO

AE WORKING IN AERIAL PHODTOGRAPHY; HOWEVER, THE USEFULNESS OF
COLOR HAS NDT BEEN DETERMINED ADEQUATELY FOR MIL ITARY
GEOGRAPHIC IMTELLIGENCE. THIS REPORT IS A SUMMATION OF
RESEARCH INTD THE STATUS DF AERIAL CTHLOR PHOTOUGRAPHY

IN SEVERAL GOVERNMENT AGENCIES, AND [T3 APPLICATION TO
SPECIFIC PROBLEMS. o

AERIAL PHOTOGRAPHY# COLOR PHOTOGRAPHY
REMOTE SENSING# TARGET ACQUISITION



TIW-00-5376

T3iW=00-5327

TiW-00-5328

NB=-174D4. THE INTERPRETABILITY OF HIGH ALTITUDE
MULTISPECTRAL IMAGERY FUR THE EVALUATION OF WILDULAND
RESOVACES. SEPTEMBER 1967.

DIAEGER,» WC

CALIFORNIA UNIV., BERKELY

NeB-1T4064 NASA-CR-33187

43P, HIGH ALTITUDE MULTISPECTRAL IMAGERY OF THE BUCKS

-AKE TEST SITE IN THE SIERRA NEVADA MOUNTAINS OF CALIFORNIA
WAS STUDIED, AND FIELD DATA COLLECTIONS WERE MADE IN AN
ATTEMPY 7O ASCERTATIN THE OPTIMUM SPECIFICATIONS FOR REMODTE
SENSING TMAGERY ON WHICH TOU IDENTIFY AND EVALUATE WILDLAND
RESOURCES. EXAMPLES OF THE INFDRMATION THAT CAN BE EXTRACTED
FROM YARIQUS TYPES OF SMALL SCALE [MAGERY WERE PREPARED

AND DISCUSSED AND A REPRESENTATIVE IMAGE INTERPRETATION
GUIDE FOR USE IN TRAINING INTERPRETERS WAS DEVELOPLD.
QPTIMUM IMAGE SPECIFICATIINS WERE FDUND TO YARY WITH BOTH
THE RESOURCE INVOLVED AND THE TYPE OF MANAGEMENT DECISIONS
T) oF MADE. 1T WAS CONCLUDED, HOWEVER, THAT THE BEST
SINGLE TMAGE TYPE FUR GENERAL PURPOSES IS THAT UBTAINED
USING EKTA AERO INFRARED FILM IN CONJUNCTION HITH A&

WIATTEN 12 FILTER.

REMOTE SENSING# INFRARED FILM# IMAGES
INFRARED DETECTORS

N69-40203. APOLLO 9 MULTISPECTRAL PHOTOGRAPHY: GECQLOGIC
AMALYSIS. SEPTEMDER 1969.

LOWMAN, PD

GIDDARD SPACE FLIGHT CENTER, GREENBELT, MD.

N59=4D20%08 MASA-TMX-63T14

57P, THE APOLLO 9 MISSION CARRIED A MULTISPECTRAL

TERRAIN PHOTOGRAPHY EXPERIMENT IN WHICH THE ASTRONAUTS
PAOTOGRAPHED SELECTED LAND AREAS WITH AN ARRAY OF FOUR 70
M4 CAMERAS, EACH WITH A DIFFERENT FILTER/FILM COMBINATION, IN
AN EFFORT TO DETERMINE THE FEASIBILITY AND VALUE OF
MILTISPECTRAL ORBITAL PHOTOGRAPHY FOR EARTH RESOURCES
STUNIES. PRESENTED ARE RESULTS OF A GEOLOGICAL S5TuDY QF
SELECTED SETS MADE TO DETERMINE IF MULTISPECTRAL (RBITAL
P4OTOGRAPHY JFFERS ANY ADVANTAGES FOR GEOLOGY OVER
CIMPARABLE COLOR UK PANCHRUMATIC ORBITAL PHOTOGRAPHY.
VISUAL COMPARISON DF FUOUR CAMERA SETS SHOWED THAT
MJLTISPECTRAL PHOTOGRAPHY WAS DEFINITELY SUPERIUR IN
RENDERING GEOLOGTICAL STRUCTURES OF HEAVILY VEGETATED AREAS
AND PERMITTED EASY DIFFERENTIATION AMONG QRECIDUUUS
VEGETATINN, JPEN WATER, AND HROCK DR 50IL.

APOLLD PROJECTH SPACEBORNE PHOTUOGRAPMHY
GETLAOSICAL SURVEYSH TERRAIN INTELLIGENCE

N59-28505, BIBLIOGRAPHY OF REMDTE SENSING OF EARTH
RESOURCES FDR HYDROLOGICAL APPLICATIONS. NOVEMBER 1988,
LLAVERTAS, RX

MANNED SPACECLRAFT CENTER, HOUSTON, TEX.

N6Y-2BS505# NASA-TMX-6LTITH NASA-134 .

T3P. THIS PIELIMINARY BIBLIOGRAPHY WAS PREPARED TO ACQUAINT
HYDROLOGISTS WITH THE BASIC LITERATURE INVOLVED IN THIS
FI1ELD. SOME DF THE REFERENCES CONCERN SPECIFIC HYDROLOGIC
TIPICS OR SPECIFIC REMUTE SENSING METHODS. OTHER

REFERENCES ON VESETATION MAPPING AND GEOLOGY WERE INCLUDED S0
THAT THE READER CAN FIND INFORMATION ON THE SELECTEION,
PIUCESSINGy AND USE OF REMOTE SENSING DATA IN THESE

CIGNATE FIELDS. A NUMBER UF METEOQROLOGICAL REFERENCES

"wZRE INCLUDED BECAUSE IN MANY REMOTE SENSING APPLICATIONS,

ESPECTALLY FRDIM EARTH ORBITAL SATELLITES, ATMOSPHERICL
EFFECTS MUST BE TAKEN INTD ACCOUNT [N INTERPRETING THE VIEWS
OF THE EARTH.

REMITE SENSINGH HYDRIOLOGYM MAPPING# GEOLDGY
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T3W-00-5329

Tiw=00-5330

71u—00—5§31

N70-130562. A SELECTED ANNDTATED BIBLIOGRAPHY ON THE ANALYSLS
OF WATER RESDURCE SYSTEMS. ' AUGUST 1969.

GYSly M# LOUCKS, DP .

CIRNELL UNIV., ITHACA, N.Y.

N7D-13062# PB1B&33S

197P. PRESENTED IS AN ANNOTATED BIBLIOGRAPHY OF S0OME
SELECTED PUBLICATIONS PERTAINING TQ THE APPLICATION OF
SYSTEMS ANALYSIS TECHNIQUES TD WATER RESDURCE PROBLEMS. THE
MAJORITY OF THE REFERENCES INCLUDED IN THIS BIulLIOGRAPHY
HAVE BEEN PUBLISHED WITHIN THE LAST FIVE YEARS. ABOUT

HALF OF THE ENTRIES HAVE INFORMATIVE ABSTRACTS AND

KEYWORDS FOLLOWING THE CITATION. INDEX CHARTS GIVE QUICK
KSYwDRD ACCESS FDR ALL THE REFERENCES, THE ABSTRACLTED
DICUMENTS BEING COMPLETELY XKEYWDRDEDs AND THE UTHERS TITLE
KEYWORDED.

WaTER RESDURACESH BIBLIOGRAPHIESE SYSTEMS ANALYSIS
OPTIMIZATIONS OPERATIONS RESEARCH

N59-15299. PRACTICAL APPLICATIONS DF AERIAL PHUTDGRAPHS
iN FORESTRY AND OTHER VEGETATION STUDIES. MARCH 1968,
STELLINGWERF, DA

INTERNATIONAL INST, FOR AERIAL AND EARTH SCIENCES,
DELFTy NETHERLANDS

N59-15299# SERIES B NQ. 47748

43P. AERIAL STERDGRAPHS ILLUSTRATING SEVERAL FOREST, CROP,
AND SOTL CONDITIONS ARE PRESENTED AND DESCRIBED. BUTH
PANCHROMATIC AND INFRARED FILMS WERE USED, ALONG WITH
VARIOUS COMBINATIONS OF FILFERS. ’

AER!AL PHOTOGRAPHSH STEREDPHOTOGRAPHY# FDRESTRY

N59-28396. EARTH RESOURCES SURVEY PROGRAM: THE- REMOTE

MEASUREMENT OF RHODAMINE B CONCENTRATION WHEN USED AS

FLUDRESCENT FRALER -IN- HYDROLOGIC STUDIESw - JANUARY 1968+ - - , e
BETZ, HT -

MANNED SPACECRAFT CENTER, HDUSTON, TEX.

N59-283964 NASA-TMX-51713# NASA-101

51P. XNOWLEDGE DF THE TEMPORAL AND SPATIAL DISTRIBUTION OF
INJECTED FLUOGRESCENT TRACER DYES 1[5 USEFUL IN DETERMINING THE
MIVEMENT AND DISPERSION COF SULUBLE CONTAMINANTS IN

STREAMS, RIVERS AMD ESTUARIES. A STANDARD TECHWIQUE

INVOLVES THE INJECTION OF A KNOWN QUANTITY OF DYE AT A
SPECIFIC LOCATION AND MONITORING THE RESULTING MOVEMENT

AND DISPERSIOZN. OYE CONCENTRATION I5 MEASURED WITH A
LABORATORY FLUURDMETER, AND IS5 PLOTTED AS A FUNCTION OF
DISTANCE AND TIME. SHIPBORNE TECHNIQUES ARE RELATIVELY SLOW
SINZE SAMPLES NEED TO BE TAKEN AND- -MEASURED OVER DISTANCES OF
SEVERAL KILOMEYERS 0OR MORE. ADCITIDONALLY, THE SLOWLY
VARYING CONCENTRATIONS REQUIRE REPEATED CR PERICDIC

SAMPLINGS AT A GIVEM LOCATION 30 THAT THE ENTIRE PROCEDURE

IS5 HEAVILY TIME CONSUMING. THE USE OF FIXED SAMPLING
LICATIONS, E.G.+ BRIDGE OVERPASSES, PROVIDES PfECYSE .
DISTANCE INFORMATION AND VIRTUALLY CONTINUDUS RELORDS OF THE
TIME VARYING CONCENTRATION AT & FIXED SITE BUT IS

HIGHLY LIMITED IN SPATIAL COVERAGE.

FLUDRESCENT ODYES# HYOROLOGYH HEASUREMENT

D=-39
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7iw-00-5333

TiW-00-5324

N59-12097. MNASA GEOLOGICAL TEST SITE NO. 126
MARQUETTE-REPUBLIC TROUGHS, MICHIGAN: REPORT ON PHOTOGRAPHIC
IMAGERY OBTAINED DN MISSION 72, MAY, 1968. NOVEMBER 194B.
WHITTENs EH# BECKMAN, WA# SILVA, IC :

NIJRTHWESTERN UNIV., EVANSTON, ILL.

N59~12097

15P. CONTINUED INVESTIGATION OF DETERMINING ROCK TYPEs FAULT
AND FOLD INFORMATION, AND LOCATION OF GROSS STRUCTURES WITH
REMIITE SENSORS IS BRIEFLY REPORTED. ROCK TYPE, FAULTS,
LINEAR CLEMENTS, AND SOIL AND VEGETATION WERE DETERMINED BY
COLORED PHOTOGRAPHS FROM ZOOD FT ALTITUDE. THE INDICATION

DF LITHOLOGY WAS LESS CLEAR IN BLACK-AND-WHITE PHDTDGRAPHS
THAN IN COLJR, BUT FAULTS, LINEAR STRUCTURES, AND OUTHER
CHARACTERISTICS APPEARED BETTER.

GEOLDSYH REMOTE SENSINGH PHOTOGRAPHIC IMAGES

N70-13889. A PLAN FOR A CUOMPREHMENSIVE WATER RESOURCES
RESEARCH INFIRMATION EXCHANGE SYSTEM. AUGUST 19469.
BANKSy HO# WOLFEs CG -

LEEDSs HILL AND JEWETT, INC.y SAN FRANCISCO, CALIF.
N70-~13889% P3185801

133P. A STUDY WAS MADE OF THE NATURE AND EFFECTIVENESS OF
THE PRESENT PROCEDURES USED BY THE OFFICE OF WATER
RESUURCES RESEARCH OF THE UNITED STATES DEPARTMENT OF THE
INTERIDR AMD THE 51 STATE WATER RESDURCES RESEARCH
INSTITUTES T0O ORTAIN INFORMATIDN ON PROBLEMS REQUIRING
RESEARCH AND TO DISSEMINATE THE RESULTS OF RESEARCH
PROJECTS. THE REPNAT CONTAINS A RECOMMENDEDR RESEARCH
INFORMATION EXCHANGE SYSTEM IN WHICH FTHE INFORMATIGN
GATHERING AND DISSEMINATION ACTIVITIES OF OwWRR AND JHE STATE -
INSTITUTES WOULD BE BETTER NEFINED AND WOULD Bk EXPANDED.
AND USE WOULD BE MADE OF THE CAPABILITIES OF FEDERAL
INFURMATION DISSEMINATION SERVICES, PROFESSIONAL SOCIETIES,
AND QTHFR COMMUMICATION MEDTA.

RESEARCH PROJECTSH WATER RESOURCES

N5659-40545, TINTERPRETATION DF GROUND WATER OF TYPICAL
LANDSCAPES 1IN TURKMENIA ON AERIAL PHOTOGRAPHS. JUNE 1969.
MEYER, GY# NEFETDY, XY

AIMY FOREIGN SCIENCE AND TECH. CENTER, WASHINGTON, D.C.
Nb69-40545# ADSGLISO6OLH FSTC-HT-23-498-68

35P.  THE REPDRT GIVES A GEOGRAPHICAL DESCRIPTION OF THE
NATURAL LANDSCAPES EXISTING IN TURKMENIA AND THE INDIVIDUAL
VANDSCAPE ELEMENTS IN THAT SOVIET REPUBLIC: TOPOGRAPHY,

«L IMATE, HYDRDGRAPHY, SOILS AND CULTURE FEATURES. THE
AITICLE GIVES THE RESULTS OF AERTAL SURVEYS MADE IN THE
PRINCIPAL LANDSCAPE TYPES DF TURKMENIA: PARTICULAR ATTENTIDN
IN THIS ARYICLE IS GIVEN TO THE RELATIONSHIP BETWEEN GROUND
HATER AND RELIEF, VEGETATIUN AND SOILSs AND A DESCRIPTION OF
WAAT FEATURES SERVE.-AS INDICATORS OF GROUND WATER AND HOW
THESE INDICATODHS APPEAR ON AERIAL PHOTOGRAPHS.

PAOTUINTERPRETATIONS GROUND WATER# USSR
ASRIAL PHOTJIGRAPHS '
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159W=-00-5336

T3W-00-5337

T3W-00-5338

N7G-11722. STUDY OF THE SPECTRAL BRIGHTNESS OF SOME
LANDSCAPE ELEMEMTS FOR INTERPRETATIDN DOF GRDUNC WATER ON
AERIAL PHOTDGRAPHS. JUNE 1369.

AITSYBASHEV, YS$

AIMY FUREIGN SCIENCE AND TECH. CENTERs WASHINGTON, D.C.
N7O-11722% AD69Z264TH FSTC-HT=-23-353-68 :

38P. THE REPNRT PRESENTS EXPERIENCE [N THE STUuDY OF THE
SPECTRAL REFLECTIVITY OF SUME LANDSCAPE ELEMENTS (PRIMARILY
VEGETATION AND SOILS) WHICH ARE GROUND WATER INDICATORS AND
DESCRIBES THE USE OF THESE DATA FOR THE HYDROGEOLOGICAL
INTERPRETATIOIN DOF AERIAL PHOTOGRAPHS. THE STUDIES WERE MADE
DJRING 1958-1960 IN TWD GEOGRAPHICAL ZONES OF THE SOVIETY
UNIDN: DESERT (TURKMENIA)} ANU SEMI DESERT (CASPLAN LOWLANDI.
T4E METHOD FOR INTERPRETING GROUND WATER DESCRIBED IN THIS
PAPER WAS CHECKED BY MAKING SIMILAR STUDIES IN THE FOREST
ZINE OF THE NORTHWESTERN REGIONS OF THE USSR.

SPECTATIPHOTIMETRY# PHOTOINTERPRETATION# USSR
GROUND WATER# AERIAL PHOTODGRAPHS

N9-40218. AERIAL PHOTOGRAPHIC METHOD FOR STUDYING GROUND
WATER. 1969. . »

MEYER, GY

AIMY FOREIGN SCIENCE AND TECH. CENTER; WASHLINGTON, D.C.
N49-4021848 ADGS06L134 FSTC-HT-23-479-68

17P. THIS PAPER PRESENTS A GENERAL REVIEW OF THE USE OF THE
AER[AL PHOTOGRAPHIC METHOD IN THE SEARCH FOR GRUUND WATER

IN VARIDUS PARTS OF THE SOVIET UNION, THE INDIVIDUAL
INDICATIRS IJF THE PRESENCE OF GROUND WATER SHOWN ON AERIAL
P4OTOGRAPHS ARE INDIVIDUALLY DISCUSSED; THESE INCLUDE SUCH
FEATUIES AS VEGETATION, RELIEF, CULTURE FEATURES AND MANY
UJFTHERS. THE ARTICLE DISCUSSES THE MOST USEFUL SCALES OF
P40TOSRAPHY, CAMERAS, LIGHT FILTERS, AIRCRAFT, PROPER SEASON
EIR CONDUCTING THE WORK, MOST SUITABLE WEATHER AND BEST TIME
OF DAY. SPECIFIC WORK IN TiHIS FLIELD IS OISCUSSED,
PARTICULARLY THAT DUNE [N TURKMENIA AND THE CASPIAN LDWLAND,
BJT THIS IS ALSD CONTRASTED WITH WORK DODME IN UTHER
LANDSCAPE REGIONS OF THE COUNTRY. THE YARTOUS CRITERTA USED -
IN DIFFERENT REGIDONS OF THE USSR ARE LISTED. SPECIFIC
ASPECTS OF THE F1ELD WORK WHICH SUPPLEMENTS AERIAL
P4OTOGRAPHY ARE IN SOME DETAIL. THE SIGNIFICANT ROLE DF THE
GEOBOTANICAL METHDD IS DISCUSSED, FODLLOWED BY SUME

CIMMENTS (N THE PREPARATION OF INTERPRETATION KEYS AND
P4UTOMOSAICS AND THE ROLE PLAYED BY BLACK AND WHITE AND
CIOLIR PRINTS.

GROUND WATER# AERIAL PHOTOGRAPHSH USSR

N69-2B326. PRELIMINARY REMOTE SENSING OF THE DELAWARE
ESTUARY. OCTOBER 1968.

PAULSON, RW

MANNED SPACECRAFYT CENTER, HOUSTON, TEX.

N59-28326#4 NASA-TMX-61T16# NASA-128

35p, POTEMTIAL APPLICATIONS OF REMOTE SENSING TECHNIQUES
FIR ESTUARINE HYDROLOGY HAVE BEEN REVEALED BY AN ANALYSIS uF
INFRARED IMAGERY AND AERTAL PHOTOGRAPHY OF THE DELAWARE
ESTUARY. IT 1S CLEAR THAT INFRARED IMAGERY CAN BE AN
[MPORTANT ESTUARINE RECONNATSSANCE TOOL. 1IN ADLITION, THE
ANALYSIS INDICATES THAT ESTUARINE CIRCULATION, REAERATION,
AND DISPERSIUN MIGHT BE EFFECTIVELY STUDRIED WITH REMOTE
SENSDRS.

REMOTE SENSING# ESTUARIESH I&FRARED DETECTIGN
AERIAL PHOTOGRAPHY
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TIN-00-53139

73W-00-5340

TIw-00-534l

TIN=-00-5342

N$B-28636. A GEMINI MQSAIC ALONG THE THIRTY SECOND DEGREE
OF LATITUDE FROM BAJA CALIFORNIA TO CENTRAL TEXAS.

JJINE 1968,

MACKALLOR, JA
GEOLOSICAL SURVEY, WASHINGTON, D.C.
N58-28636# NASA-LR-95478

15f. A SERIES OF 39 OVERLAPPING PHOTOGRAPHS OF THE
SIUTHWESTERN UNITED STATES AND ADJACENT AREAS OF MEXICO WAS
CiTAINED A5 PART OF AN EXPERIMENT OF THE GEMINI & MISSION.
TAENTY=-FDUR OF THESE PICTURES PLUS ONE FROM THE GEMINI 3 AND
FIUR FROM THE GEMINI 5 MISSIOUN WERE USED TO CONSYRUCT A
121,000,000 SCALE, BLACK AND WHITE, SEMICONTRCLLED MOSAIC.
TH1S MOSAIC COVERS ABQUT 150,000 SQUARE MILES AND EXTENDS
ALONG THE 32D PARALLEL DF NORTH LATITUDE FRUM THE

PACIFIC OCEAN T9 THE 100TH MERIDIAN IN WEST CENTRAL TEXAS,
AND AVERAGES ABIUT 150 MILES IN WIOTH. MANY (4 THE
INDIVIDUAL RECTIFIED PHOTOGRAPHS CAN BE ENLARGED TO A

SZALE OF 1:250,00% WITH LITTLE DR NO LOSS OF RESODLUTIONG
SJCH ENLARGEMENTS WILL BE OF GREAT VALUE TO EARTH RESOURCES
STUDIES.

MISAIL MAPPINGY RESOURCES

N59-14450. AN APPRUACH TO THE REMOTE UDETECTION UF EARTH
RESOUICES IN SUB ARID LANDS. DECEMBER 196&8.

PIJUQUET, J

GIDDARD SPACE FLIGHT CENTER, GREENBELT, MD.

N69=-144508 NASA-TND=464T7

25P. THE PURPOSE WAS TD FIND A BETTER GEOLOGICAL TOOL

UT ILIZING THE NIGHTTIME INFRARED RADIATIONS EMITYTED BY THE
GROUND» AND THEREBY OBTAIN A BETTER KNOWLEDGE OF THE
ASRICULTURAL POUSSIBILITIES DF ARID AND SUB-ARID LANDS.

TAE EQUIVALENT BLACK BODY TEMPERATURES DERIVED FROM

NIMBUS 2 HIGH RESOLUTICN INFRARED RADIOMETER WERE ANALYZED
FIR ALL AVAILABLE ORBITS FROM MAY UNTIL MID NOVEMBER 1966.
FROM TH1S PRELIMINARY STUDY CERTAIN PREDUMINANT FEATURES
EMERGED AND WERE USED AS A BASIS FUR THE INTERPRETATION OF
DATA. FOR THE FINAL INTERPRETATION ONLY A FEW EXAMPLES
WERE SELECTED: DEATH VALLEY AND SURROUNDINGS, AND

SALTON SEA-COLORADO RIVER REGIDN.

REIMOTE SENSING# INFRARED RADIATIONK ARID LAND

N6B-11714. SEOLOGIC APPLICATIONS OF ORBITAL PHOTOGRAPHY.
DECEMBER 19&7.

LIWMAN, PD

GIDDARD SPAZE FLIGHT CENTERs GREENBELT, MD.

N5E-11714# NASA-TND-4155 :

42P. THE POTENTIAL GEOLOGIC APPLICATIONS OF ORbITAL
P4O0TOSRAPHY (PHOTOGRAPHY OF THE SURFACE OF THE EARTH DR
SIMILAR BODIES FROM ORBITING SPACECRAFT) WITH ILLUSTRATIONS
FROM VARTOUS GEMINI FLIGHTS ARE SUMMARIZED.

SPACEBORME PHOTOGRAPHYK GEUOLDGY# MAPPING

N$9-40998. GEOLUGIC APPLICAYIONS OF EARTH URBITAL
SATELLITES. JUNE 1968, )

PECTIRA, WT .

GEOLDSICAL SURVEY, WASHINGTON, D.C.

N$9=-6D09E4 A/CONF3I4/4,18 6B-95441

22P. ANALYSES OF GEMINI PHOTOGRAPHS ILLUSTRATE SEVERAL
QJALITIES UNIQUE TO CRBITAL PHOTOGRAPHY THAT aARE OF
IMPORTANCE TO GEOLOGISTS AND OTHER SCIENTISTS IN ASSESSING
NATURAL RESJURCES.

EARTH ORBITSH ARTIFICIAL SATELLITES# GEOLOGY
SPACEBORNE PHDTOGRAPHY -
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TIN-00-5343

TIWN-00-5344"

T3W-00-5345

N59-~28376. FEARTH RESOQURCES SURVEY PROGRAM: COMPARISON
07 A UV SCANNER/PHOTOMULTIPLIER WITH AN IMAGE ORTHILON.
QITIBER 1967. :
GDLOMAN, HE MARSHALL, R

[1T RESEARCH INST.s CHICAGD, ILL.

NGQ-2BITEH NASA-TMX-561710K NASA-9T

18P, A ROTATING MIRROR CAMERA USING A CSTE CATHODE WAS
CIMPARED TO AN ORTHICON SYSTEM USING A SIMILAR CATHODE. THE
RITATING CAMERA SYSTEM DBFFERS A HIGHLY SATISFACTORY SIGNAL
T] NODISE RATIO WHEN USING A CSTE PHDTOCATHODE (PLUS FILTER)
AT AIRCRAFT ALTITUDES OF ABOUT 2 XM UNBER CLEAR, MID DAY
ILLUMINATION CONDITIONS. THE IMAGE ORTHICON APPEARS TD

OF FER SIGNAL TO NDISE RATIDS THAT ARE ABOUT 25 TIMES BETTER
TAAN THOSE OF A ROTATING MIRROR CAMERA UR LINE SCANNER
USING A PHOTUMULTIPLIER TUBE. THE ADVANTAGE COMES ABOUT
FROM THE SIGNAL INTEGRATION CAPABILITY THAT IMAGE

DITHIZUNS POSSESS. THIS MAY BE SOMEWHAT TEMPERED 8Y THE
NITED FRAGILE CHARACTER OF SUCH TUuBES PLUS THE ADDITIONAL
CIMPLEXITY DF EQUIPMENT. FDR AIRCRAFT USE FURTHER
INVESTIGATION DOF THESE FACTUORS IS INDICATED.

RITATING MIRROR CAMERAS# DRTHICONS# PHOTOMULTIPLIERS

N58-19214. VEGETATION ANALYSIS WITH RADAR IMAGERY.

APRIL 1966. .
MIRAIN, SA# SIMONETT, DS

KANSAS UNIV., LAWRENCE

N5B-192148 NASA-CR-T5170# CRES-61-9

219, THIS PAPER PRESENTS VEGETATION MAPS PREPARED FROM RADAR
IMAGERY OBTAINED OVER SEVERAL CLIMATIC ENVIRONMENTS. THE
MAPS AND IMAGERY. HAVE BEEN COMPARED WITH EACH OTHER TO

DX TERMINE THE TYPFS OF I[NFORMATION EXTRACTABLE.

CINVENTIONAL VEGETATION MAPS WERE EMPLOYED TO AID IN THE
CIMPARISON. EMPHASIS WAS ON THE K BAND AND AN/APQ-56 RADAR
SYSTEMS. ’

VEGETATION® MAPPINGH RADAR

N69-10663. PHOTOGRAPH OF THE EARTH FROM AES ZOND-S.

OZTOBER 1968.
GIDNARD SPAZE FLIGHT CENTER, GREENBELT, MOD.
N5G-10663# NASA-CR-9TS57T# ST=-PR-LP5-10767

4P. SPACECRAFY ZOND S PHOTOGRAPHS OF THE EARTH FROM DUTER
SPACE DURING THE FINAL PORTION OF THE TRAJECTORY SHDW THE
WELL DEFINED JUTLINES OF REGIONS ARDUND THE MEDITERRANEAN,
BLACK, CASPIAN: AND ARAL SEAS; ARABIAN PENINSULA; IRANIAN
HIGHLANDS; AND THE GREATER PARY UF AFRICA. A CUNSIDERABLE
PART TF THE EARTH'S SURFACE IS HIDDEN BY CLOUDS.

' SPACEBORNE PHOTOGRAPHY# EARTﬁ JPLANET/ # USSR



TIN-00-53456 . .
N59-15856, REMITE SENSING DF CHANGES IN MORPHOLOGY AND
PHYS IOLOGY OF TREFS UNDER STRESS. SEPTEMBER 1368
OL 50Ny CE# KARD, JM ’ . : '
MICHISAY UNIV., ANN ARBOR
N59-15850#8 +NASA-CR-99]183# APR-2

41P. GREENADUSE WORX WITH TREE SEEDLINGS EXPOSED T

VARYING CONCENFRATIONS OF NACL AND CACL SUB 2 INDICATES THAT
THE OAK SPECIES TESTED ARE MORE RESISTANT TO SALT INJURY THAN
ASPEN, TULIP POPULAR, MAPLE, OR WILLOW: AND THAT SALT ’
TILERANCES JF THESE SPECIES DECREASES IN THE ORDER LISTED.
DAOUGHT CONDITIONS IN SUGAR MAPLE SEEDLINGS, CREATED BY
VARYING THE FREQUENCY OF WATERING, WERE ACCOMPAWIED BY
INCREASING FOLIAR HREFLECTANCE OF THE STRESSED PLANTS AT ALL
WAVELENGTHS FROM 0.5 TO 2.5 MICROMETERS. PREVISUAL
DETECTION OF DROUGBHT DR SALT STRESS WAS NOT ACHIEVED USING
CILOR DR INFRARED COLOR PHOTUGRAPHY IN THE LABORATORY,

FIELD TESTS J3F INFRARED SCANNING SYSTEMS FOR DETECTING
MJISTURE STRESS IN MATURE TREES WERE ALSD BEGUN.

RZMOTE SENSINGH INFRARED PHOTOGRAPHY
IVFRAED SCANNERSH TREES /PLANTS/
T3w=-00-5347 .
N59-12276. GEOLUGICAL EVALUATION OF INFRARED IMAGERY,
EASTERN PART 0F YELLOWSTONE NATIONAL PARK, WYOMING® AND
MINTANA. DECEMBER 1968.
SMEDESs HW ‘ .
GEOLOGTICAL SURVEY, WASHINGTON, D.C.
N59-122T76# NASA-CR-9TB13¥ NASA-83

48P, INFRARED IMAGERY OF PART DF YELLOWSTONE NATIONAL PARK
wWAS STUDIED TO EVALUATE ITS USEFULNESS IN THE REMOTE
SENSING OF GEJLIGIC ENVIROMMENT. APPLICATIONS OF INFRARED
IMAGERY TO GEQLOGY AND GEOMORPHOLOGY WERE STUDIED BY
CETERMINING WHETHER ROCK ANMD SOIL TYPES, STRUCTURES, AND
THERMAL SPRINGS NOT DB8SERVED ON THE GROUND OR FROM
CINVENTIONAL AERIAL PHOTOGRAPHS COULD BE DETECTED FROM THIS
IMAGERY, TH1S REPORT [S PRIMARILY CONCERNED WITH
INFRAICD IMASERY OF AREAS UNDERLAIN BY THE EARLY CENOZOIC
VIUCANTCS: T INVYOLVES THE EASTERN THIRD OF THE PARK AND THE
_ WASHBURN RANGE IN THE NORTH CENTRAL PART OF THE PARK.

REMITE SENSING# INFRARED DETECTIDNK GEOLOGY

TIW-00-5348 .
N&8-22261. CURRENT PROGRAM AND CONSIDERATIDNS OF THE FUTURE
FIR EARTH RESJURCES SURVEY. APRIL 1368,
NEWFLL» HE
NASA, WASHINGTON, DC
N5B8-22261

17P. AN UVERVIEW 1S5 PRESENTED DN THE ADVANCES IN SATELLITE
SENSING PROSRAMS DURING THE 1952-1968 PERIOD, AND CURRENT
NEEDS AMD PRIBLEM AREAS ARE ASSESSED. PROGRESS IN

- E3TABLISHING AN OPERATICONAL METEDROLOGICAL SATELLITE.
PROSRAM IS DISCUSSED, WITH MAJDR ACHIEVEMENTS 'CITED AS THE
AJTIMATIC PICTURE TRANSMISSION SYSTEMS INITIATED WITH
TIRDS 8, HIGH RESOLUTION INFRARED IMAGERY ALLOWING NIGHTTIME
CLUUD CUVER MAPPING INTRODUCED WITH NIMBUS 1, SPIN
STABILTZATION#IN SUN SYNCHRONDUS ORBIT ACHIEVED WITH TIRDS
13, THE OQPEIATIONAL ADVANCED VIDICON CAMERA SYSTEM OF
£SSA 24 AND THE SYNCHRONOUS ORBITAL SATELLITE AFS-1. THE
GZODETIC SATELLITE PROGRAM 15 REVIEWED, ALONG WITH THE
APPLICATION JF REMOTE SENSING TECHNIQUES IN THE FIELD OF
OZEANOGRAPHY. DATA REQUIREMENTS ARE JDENTIFIED FOR .
STUDIES DN FNRESTRY, AGRICULTURE, GEOGRAPHY, HYDROLOGY. AND
GEOLNGY. FUTURE PLANS ARE OUTLINED, AND THE NEED oF
PROVIDING A DATA HANDLING ANO DISTRIBUTION NETWORK, AND OF
UIGANIZING IT INTO AN OVERALL WDRKABLE SYSTEM, 1S STRESSED.

REMITE SENSINGH ARTIFICIAL SATELL[TES
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TAW=-00-5349

TIW-Q0-5352

TiW-00-5356

TIW-00-5358

73d-00-5360

N69-40906, FEARTH RESOURCES SURVEYS: AN OUTLODK TO THE
FJTURE. FEBRUARY 1969. . *
KARTHy JE

Us Se TONGRESS

NE9-40306

12, A HISTORY DOF THE EARTH RESOURCES SATELLITE PROGRAM
(ERS) 1S PRESENTED. THE VARIOUS PROBLEMS ENCOUNTERED IN
DEVELIPING UNMANMED SPACECRAFT AS OPPOSED YO THE APOLLOD
APPLICATIONS PROGRAM ARE DISCUSSED.

AITIFICTAL SATELLITESH# REMOTE SENSING

NASA-5P-193, EVALUATION DF MOTION DEGRADED IMAGES.
DECEMBER 1968. .

ECECTROMICS RESEARCH CENTERe CAMBRIDGE: MASS.
NASA-5P~1893

192P, THE NECESSITY OF DEALING WITH MOTION DEGRADED IMAGES
HAS BEEN WITH US FOR A LONG TIME. AS NEW PROBLEMS HAVE
AXISEN, THE SCIENCE AND TECHNDLOGY FOR DEALING WITH THEM HAVE
AJVANCED. 1IN RECENT YEARSy AEROGSPACE APPLICATIONS

HAVE CREATED REQUIREMENTS FOR THE ULTIMATE IN UNDISTORTED
IMAGING UNDER NOVEL OPERATING CONQITIONS.

PHOTUSRAPHIZ IMAGESH IMAGE PROCESSING# MOTION
FLECTRONPTICS# ATMOSPHERIC MDTION# HOLOGRAMPS
TURBULENCE :

73W 05356. GEOLOGICAL SURVEY RESEARCH 1970: CHAPTER D.
1270. '

U.S. GEOLOGICAL SURVEY, WASHINGTON, D.C.

PAPER 70D-D : )

317¢. THIS LOLLECTION OF 45 SHORT PAPERS IS THE THIRD
PJBLISHED CHAPTER OF "GEOLDGICAL SURVEY RESEARCH 1970."

THE PAPERS REPORT ON SCIENTIFIC AND ECDNOMIC RESULTS OF
CURRENT WORK BY MEMBERS OF THE GEOLOGIC, WATER RESOURCES. AND
TIPOGIAPHIC DIVISIONS OF THE U.S. GEOLOGICAL SURVEY.

GEOQLOGICAL SURVEYSH HYDROLOGYH TOPOGRAPHIC SURVEYS

73W 05358. PREDICTION OF WATER YIELD IN HIGH MUUNTAIN
Wa FERSHEDS BASED ON PHYSIOGRAPHMY. AUGUST 1967.
JILIAN, RWH YEVJEVICH, V# SEYTOUX, HJ

COLORADD STATE UNIV., FORT COLLINS

22P. THE PIESENT STUDY 15 PART DF A MORE COMPREHENSIVE
PIOJECT WHICH HAS AS ONE OF ITS DBJECTIVES THE OETERMINATIUN
OF CRITERIA, METHDDS AND PROCEDURES TO BE USED IN

SELECTING DRAINAGE BASINS SUITABLE FOR ATMOSPHERIC

WATER RESDURCES PROGRAMS.

WATERSHENS# HYDROLOGYH GEOMORPHOLODGY

73W 05360.  SHORT TERM STREAMFLUW FORECASTING FOR
HYDRO PLANT DPERATIDNS.
CODPER, AJ

TéAy SNOXVILLE, TENN.

23P. THE PRIMARY PURPOSE OF STYREAMFLOW FORECASTS IS 70
PYOVIDE A BASE FOR PLANNING THE OPERATION OF THE RESERVQIRS
S) THAT FLDJIDS CAN BE REGULATED ANY TIME THEY MAY OCCUR.

STREAM FLUWH HYDROELECTRIC PDWER GENERATION
HYDROLOGY# WATERSHEDS# FORECASTING
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73%-00-5361

73W~-00-5362

TIW-00-5364

13W=-00-5368

T3W 05361, ESTIMATING COEFFICIENTS FOR STORAGE FLOOD
RIUTING.

JIURNAL OF GEOPHYSICAL RESEARCH. OECEMBER 1963.
P54T1-466T64.

BYAKENSIEK, DL

AGRICULTURE DEPT., BELTSVILLE, MD.

STUORAGE FLODD ROUTING IS A METHOD FOR PREDICTING FLOOD WAVE
PIOPAGATION IN A STREAM. IT IS BASED PRIMARILY ON THE
EJUATION OF CONTINUITY. FLOW AT A SECTION IS ASSUMED TO BE

A SINGLE VALUED FUNCTION DF THE FLOW AREA. ADDITIDNAL
ASSUMPTIONS ARE USED TO DEVELOP A LINEAR RELATIONSHIP BETWEEN
REACH STORAGE-AND REACH INFLOW AND OUTFLOW. THE '
RELATIONSHIP DEFINFS TWO COEFFICIENTS WHICH CORRESPOND TD THE
X AND K OF THE MUSKINGUM FUORMULATION FOR REACH STORAGE.
SEVERAL ESTIMATING PROCEDURES ARE DEVELOPED AS A CONSEQUENCE
OF THE DERIVED RELATIONSHIPS.

WAVE PROPAGATIONK FLOOD ROUTING#H FORECASTING

73W 05362. RECURRENCE INTERVALS BETWEEN EXCEEDANCES OF
SELECTED RIVER LEVELS. 2 - ALTERNATIVES TO A MARKOV MODEL.
WATER RESOURCES RESEARCH. FEBRUARY 1969. P246B-275.
MUGILCHRIST, CA

UNIVERSITY OF NEW SOUTH WALES, AUSTRALIA

IV 1S SHOWN THAT THE GENERAL RELATIONSHIP BETWEEN THE
EXPECTED RECURRENCE INTERVAL AND THE RETURN PERIOD FOR THE
ANNUAL MAXIMUM SERIES DEPENDS ON THE CHOICE OF MODEL.

RIVERSE PROBABILITY THEORY

730 05364. GENERALTZATION OF STREAMFLDOW CHARACTERISTICS FROM
BRAINAGE BASTIN CHARACTERISTICS. 1970.

T40MAS, DM# BENSON, MA

UseS. SEDLOGICAL SURVEY, WASHINGTON, D.C.

PAPER 1975

S5P. DEFINITION OF THE MATURAL STREAMFLOW IN ALL STREAMS,
GAGED OR UNGAGED, 1S ONE OF THE PRINCIPAL OHJECTIWES OF THE
STREAMFLOW DATA COLLECTION PROGRAM OF THE GEOLOGICAL SURVEY.
T4AIS REPORT NDESCRIBES THE RESULTS OF USING STATISTICAL
MJLTIPLE RESRESSION ANALYSES TO PROVIDE A GENERALIZED
DEFINITION OF THE NATURAL STREAMFLOW IN FOUR WIDELY
SZPARATED REGIONS OF THE EASTERN, CENTRAL, SOUTHERN, AND
WESTEIN AREAS OF THE CONTERMINOUS UNITED STATES.

WATERSHEDSH# STREAM FLOW# REGRESSION ANALYSIS

73W D536B, THE VARYING SODURCE AREA QF STREAM FLOW FROM
UPLAND BASINS. AUGUST 1970. :
HEWLETT, JD# NUTTER, WL

GEURGIA UNIV.s ATHENS

1?P, THE VARIABLE SOURCE AREA CONCEPT OF UPLAND STREAMFLOW
MAY SDON BECOME A WNRKING MODEL TO ACCOUNT FOR THE VARIOUS
SIURCES, PATHWAYS, AND TIMING DELAYS WHICH UNDERLIE THE

OYNAMICS OF DISCHARGE FROM HEADWATER AREAS.

STREAM FLOWH WATERSHEDS# SURFALE WATER RUNOFF



TiW-00-5370 .

TiW=-00-5371

T2w-00-5372

73W-00-5373

T7iW 05370. HYDROGRAPHIC AND SEDIMENTATION SURVEY OF
KAJAKAT RESERVUIR, AFGHANISTAN. 1970. ’ *
PERKINSy DC# CULBERTSON. JK

U.S. GEDLOGICAL SURVEY, WASHINGTON. D.C.

PAPER 1608-M . :

37P. A HYDROGRAPHIC AND SEDIMENTATION SURVEY OF BAND-E
KAJAKAT (KAJAKAT RESERVOIR) ON THE DARYA-YE HIRMAND
(HELMAND RIVER) WAS CARRIED OUT DURING THE PERIUD SEPTEMBER
THROUGH DECEMBER 1968, UNDERWATER MAPPING TECHNIQUES WERE
USED TO DETERMINE THE RESERVDIR CAPACITY AS OF 1968.
SSDIMENT RANGE LINES WEHE ESTABLISHED AND MONUMENTED TO
FACILITATE FUTURE SEDIMENTATION SURVEYS.

HYDROGRAPHIC SURVEYSH¥ SEDIMENTATIONE RESERVDIRS

73w 05371. OQUTLINE QF GROUND WATER HYDROLOGY. 1969.
ME INZER, DF

UsS. GEJLOGICAL SURVEY, WASHINGTON, D.LC.

PAPER 49%

71P. CONTENTS: {1) WwATER DF THE EARTH, (2} ATMUSPHERIC
WATER, (3} SURFACE WATER, (4] SUBSURFACE WATER, AND (5)
WELLS.

‘HYDROLDGY# WATER# SURFACE WATERS

WATER WELLS# GROUND WATER

TiW 05372, TECHNIQUES DF WATER RESOURCES INVESTIGATIONS CQF
THE U.5. GEDLOGICAL SURVEY. BOOK 7¢ AUTOMATED DATA
PROCESSING AND CNMPUTATIONS. CHAPTER Cl:i A DIGITAL MODEL
FIR AQUIFER EVALUATION, = 1570, .
PENDER, [F . :
U.S. GEQLOGICAL SURVEY, WASHINGTON, D.C.

L2

18P, THE SERL1ES OF MANUALS ON TECHNIQUES DESCRIBES
PROCEDURES FOR PLANNING AND EXECUTING SPECIALIZED WORK IN

"WATER RESOURCES INVESTIGATIDNS. THE MATERIAL IS GROUPED

UNDER MAJOR SUBJELCT HEADINGS CALLED BOUKS AND FURTHER
SJBDIVIDED INTD SECTIONS AND CHAPTERS: SECTION C OF 8COK 7 IS

.ON COMPUTER PROGRAMS.

AQUIFERSH DATA PROCESSING# DIGITAL COMPUTERS
WATER RESDURCES

73M 05373. AN ADVANTAGEODUS, ALTERNATIVE PARAMETERIZAT

ION OF
gg;ngg?S FOR ANALYTICAL PHOTOGRAMMETRY., SEPTEMBER 1970,

’

GEODETIC RESEARCH AND DEVELOPMENT LAB., ROCKV
ESSA-TR-C AND GS5-39 . ' fLLEs HO-
18P. A CASE IS MADE FOR INCREASED USE OF A METHOD OF
REPRESENTING AN OURTHUGONAL MATRIX THAT IS DIFFERENT FROM THE
OVE NOW USED IN MOST ANALYTICAL PHOTOGRAMMETRIC SOLUTIONS.
THE RELEVANT COMPUTATIDNAL FDRMULAS ARE GIVEN, ALONG
WITH THEIR DERIVATION AND GEUMETRIC INTERPRETATION.

ANALYTICAL PHOTOGRAMMETRY



T3W-00-5374

73W-00-5375

TIW=-00-5376

T3W 05374, ELECTRICAL ANALDG ANALYSIS OF GROUND WATER
DEPLETION I[N CENTRAL ARIZONA. 1968.

ANDERSON, THW

U.S. GESLOGICAL SURVEY, WASHINGTON, D.C.

PAPER 1860

21P. THE SALT RIVER VALLEY AND THE LOWER SANTA CRUZ RIVER
BASIN ARE THE TWO LARGEST AGRICULTURAL AREAS IN ARIZONA.
THE EXTENSIVE USE OF GROUND WATER FDR IRRIGATION HAS
RESULTED IN THE NEED FOR A THOROUGH APPRAISAL OF THE
PIESENT AND FUTURE GROUND WATER RESODURCES. THE DEPLETION
PR{IMLEM IS OF ECONOMIC IMPORTANCE BECAUSE GROUND WATER WILL
BZCOME MORE EXPENSIVE AS PUMPING LIFTS INCREASE AND WELL
YIELDS DECREASE. THE USE OF ELECTRICAL ANALUG HODELING
TECHNIQUES HAS MaDE 1T POSSIBLE TO PREDICT FUTURE GROUND
WATER LEVELS UNDER CONDITIDNS OF CONTINUED WITHDRAWAL IN
EXCESS OF THS RATE (OF REPLENISHMENT. THE PREDICTION OF
FJTURE WATER TABLE CONDITIONS IS ACCOMPLISHED BY A SIMPLE
EXTENSION OF THE PUMPING TRENDS TO DETERMINE THE RESULTANT
EFFELT ON THE REGTONAL WATER LEVELS.

GROUND WATERH ADUIFERSH# PUMPING

73W 05375. ELECTRICAL ANALDG MODEL STUDY DF WATER RESOURCES
OF THE COLUMBUS AREA, BARTHDLOMEW CDUNTY, INDIANA. 1970.
WATKINS, FA¥ HEISEL, JE

U.5. GEDLDGICAL SURVEY, WASHINGTON, D.C.

PAPER 1981

22P. THE COLUMAUS STUDY AREA IS IN PART OF A GLACIAL OUTHWASH
SAND AND GRAVEL AQUIFER THAT WAS DEPOSITED IN A PREGLACIAL
BEDRUCK VALLEY. THE STUDY AREA EXTENDS FROM THE NORTH LINE
OF PARTHOLOMEW COUNTY TO THE SOUTH COUNTY LINE ANO INCLUDES A
SHALL PART OF JACXSON COUN1Y SOUTH DF SAND CREEK AND EAST OF
THE EAST FO3¢ WHITE RIVER. THIS REPORT AREA INCLUDES ABOUT
10 SQUARE MILES OF THE AQUIFER.

AV ELECTRICAL ANALGOG MODEL WAS BUILT TO ANALYZE THE AQUIFER
SYSTEM AND DETERMINE THE EFFECTS OF DEVELOPMENT. ANALYSIS

UF THE MODEL INDICATES THAT THERE IS MORE T+AN ENOUGH WATER
T3 MEET THE ESTEIMATED NEEDS OF THE CITY OF COLUMBUS WIVHOUT
SCRIOUSLY DEPLETING THE AQUIFER.

WATER RESOURCESH® AQUIFERSH HYDRULOGY

73W 05376, METHIOS AND APPLICATIONS OF ELECTRICAL SIMULATION
IN GROUND WATER STUDILES IN THE LOWER ARKANSAS AND VERDIGRIS
RIVER VALLEYS, ARKANSAS AND OKLAHOMA. 1970.

BZDINSER, MS# REED, JE# WELLS, CJ# SWAFFORD, BF

U.5. GEDLOGICAL SURVEYs WASHINGTON, D.C.

PAPER 1971

71P. IN 1957 THE U.S. GEOLOGICAL SURVEY AND U.5. ARMY CORPS
OF ENGINEERS ENTERED INTD A COOPERATIVE AGREEMENT FOR A
CIMPREHENSIVE GROUND WATER STUDY OF THE LOWER ARKANSAS AND
VERDIGRIS RIVER VALLEYS. AT THE REQUEST OF THE CORPS OF
EVGINEERS, THE GEOLOGICAL SURVEY AGREED TO PROVIDE (1)} BASIC
GROUND WATER DATA BEFQRE, DURINGs AND AFTER CONSTRUCTION OF
THE MULTIPLE PURPMSE PLAN AND (2} INTERPRETATION AND
PIOJECTIONS JF PIOSTCONSTRUCTIDN GROUND WATER CONDITIONS.

TAE DATA COLLECTED WERE USED 8Y THE CORPS UF ENGINEERS IN
PAELIMINARY FOUNDATION AND EXCAVATION ESTIMATES AND BY THE

GEOLOSICAL SURVEY AS THE BASIS FOR DEFINING THE HYDROLQGIC

- PROPERTIES OF, AND THE GROUND WATER CONDITIDNS IN, THE

AQUIFER. ANALYSIS AND PROJECTIONS OF GROUND WATER CONDITIONS
WERE MADE BY USE OF ELECTRICAL ANALOG MODELS. THESE MOBELS
USE THE ANALOGY BETWEEN THE FLOW OF ELECTRICITY IN A
RESISTANCE CAPACITANMCE CIRCULIT AND THE FLOW OF A LIQUID IN A
PIRGUS AND PERMEABLE MEDIUM.

GROUND WATER# AQUIFERSH STMULATION
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TIwW=-00-5377

TIW-C0-5378

TIW-00-53719

Tiw-00-538%

73W 05377. MUSKINGUM FLODD ROUTING OF UPLAND STREAMFLOM.
JIURNAL DF HMYDROLOGY. VOL. 4y 1966. P185-200.

OVERTON, DE

ASRICULTURE DEPT., BELTSVILLE, MD.

THE RESULTS OF FLOOD ROUTING TRIALS ON A SMALL ARS
EXPERIMENTAL WATERSMED USING THE MUSKINGUM FLOOD ROUTING
SYSTEM SHOWED THAT THE ROUTING COEFFICIENTS K AND X VARY
FIR EACH STJRM., BY APPROXIMATING THE OBSERVED INFLOW

b fDROGRAPHS BY A SIMPLE TRIANGULAR SHAPE, DIRECTY SULUTION
FIR THE ROUTING COEFFICIENTS WAS PDSSIBLE.

FLOJD RIUTING# STREAM FLOWH WATERSHEDS

A15-41-116, A RUNDFF HYDROGRAPH EQUATION. FEBRUARY 1966,
DECOURSEY, DG

ASRICULTURE DEPT,, CHICKASHA, OKLA.

A1S-41-116

23P. THIS PAPER PRESENTS AN EQUATION THAT DEFINES THE
SURFAZE RUNDFEF HYDROGRAPH AND DEVELOPS A METHQD FOR
DETERMINING THE CONSTANTS IN THE EQUATION. IT WAS DERIVED
IV STUDIES DF SIX WATERSHEDS IN THE OKLAHOMA PORTION QF

THE WASHITA RIVER BASIN. IT IS BELIEVED THAT THE EQUATION
FILLS THE NEED FOR A GENERAL FUNCTIONAL RELATION THAT CAN BE
USED IN THE ELECTRONIC COMPUTER ANALYSIS OF STREAMFLOW
PROBLEMS.

SJRFACE WATER RUNNFFH STREAM FLGW¥ HYDROGRAPHY

73w 05379. JOURNAL OF THE MYDRAULICS DIVISION. PROCEEDINGS
OF THE ASCE. VvOL. 97. SEPTEMBER 1971. P1349-1523.
AMERICAN SOCIETY OF CIVIL ENGINEERS.

CONTENTS INCLUDE: HOURLY RAINFALL SYNTHESIS FOR A NETWORKS
MECHANICS DF SHEET FLOW UNDER SIMULATED RAINFALL: AND
DE SAINT-YENANT EQUATIDNS EXPERIMENTALLY VERIFIED.®

RAINFALL# FLOOD ROUTING# HYDROLOGYR HYDRAULICS

73W 05380, A RAINFALL RUNDFF SIMULATION MODEL FOR
ESTIMATION DF FLODD PEAKS FOR SMALL DRAINAGE BASINS. 1970.
DAWDY, OR# LICHTY, RWH BERGMANN, JM

GEOLOSICAL SURVEY, WASHINGTON, DaC.

92P. A PARAMETRIC RAINFALL RUNOFF SIMULATION MODEL IS USED
WITH POINT RAINFALL AND DAILY POTENTIAL EVAPOTRANSPIRATION
CATA TD PREDICT FLOOD VOLUME AND PEAK RATES OF RUNOFF FOR
SMALL DRAINAGE AREAS. THE MODEL 1S BASED ON BULK PARAMETER
+PPROXIMATIONS TO THE PHYSICAL LAWS GOVERNING INFILTRATION,
S3I1L MDISTURE ACCRETION AND DEPLETIDN, AND SURFACE
STREAMFLOW., AN OBJECTIVE FITTING METHOD IS USED FOR
DETERMIMNING QPTIMAL BEST FIT SETS OF PARAMETER VALUES FOR THE
DATA AVAILABLE FOR USE IN PREDICTING FLDOOD PEAKS FOR

THREE CASE STUDIES.

RATNFALLY SURFALZE WATER RUNOFF# SIMULATION
DIGITAL COMPUTERSH HYDROLOGY



12W-00-5390

TiW=-00-5391

T3IW-00-5392

FId=-00~-5395

R2-7. DOPTIMIZATION BY THE PATTERN SEARCH METHOD.
JANUARY 1976,

GIEEN, RF

TvA, KNOUXVILLE, TENN.

RP-7

7IP. AN INFINITE NUMBER OF MATHEMATICAL MDDELS CAN BE
CREATED TO DESCRIBE NATURALLY DCCURRING PHYSICAL SYSTEMS.
IN ADDITION THERE 1S A SMALLER, BUT LARGE, MUMBER QF
CAITERATA WHICH CAN 8E USED TO MEASURE THE GOOODNESS OF FIY
OF A MODEL TD A PHYSICAL PHOCESS. TOGETHER, A SELECTED
CRITERION AND A MATHEMATICAL MDDEL DEFINE AN DOBJECTIVE
FINCTION TO RE JPTIMIZED. THEN THERE ARE SEVERAL
OIFFERENT FITTING UR OPTIMIZING TECHNIQUES WHICH CAN BE
USED TO NPTIMIZE (MINIMIZE OR MAXIMIZE) THE OBJECTIVE
FINCTION AND PRIVIDE A QUANTIFICATION OF THE PARAMETERS UF
THE OBJECTIVE FUNCTION.

DPTIMIZATIONS MATHEMATICAL MOUDELS
CIMPUTER PRIGRAMS

TI-3. A QUANTITATIVE GEOMORPHIC STUDY DF DRAINAGE BASIN
CHARACTERISTICS I[N THE CLINCH MOUNTAIN AREA — VIRGINIA AND
TZNYESSFE. 1953.

MILLER, VC
COLUMBIA UNIV.s, NEW YOKRK, N.Y.
T3=3

73P. QUANTITATIVE STUDY OF STREAM LENGTH, BASIN AREA,
DIAINAGE DENSITY, BASIN CIRCULARITY, VALLEY SIDE SLOPES, AND
HYPSOMETRIC CURVES WAS MADE NF TWO KINDS OF TOPOGRAPHY IN THE
CLINCH MOUNTAIN AREA OF VIRGINIA AND TENNESSEE. SAMPLES

QF THF FORM ELEMENTS WERE TAKEN FROM LARGE SCALE TOPOGRAPHILC
MAPS AND AIR PHOTOGRAPHSs CHECKED BY FIELD OBSERVATIGNS.
SIGNIFICANT DIFFERENCES IN SAMPLE MEANS WERE ODEVERMINED
TAROUGH ANALYSIS NF VARIANCE.

WA TERSHEDSH# STREAMS# GEOMORPHOLOGY

T3IW 05392, ANNUAL REPDORT UF THE TENNESSEE VALLEY
AUTHORITY - 1970. DECEMBER 1970,
T/A, MUSCLE SHOALS, ALA.

73P, CONTENTS: TvA 1970 ~ HIGHLIGHTS; TECHNOLOGY = TOOLS TD
BJILD A BETTER LIFE; MANAGING THE MULTIPLE USES DF WATER AND
LAND: POWER FOR A GROWING REGION; FORESTRY, FISHERIES, AND
WILDLIFE; FERTILLZER AND AGRICULTURAL ADVANRCES3: AND
TAIBUTARY AREA NEVELOPMENT.

LAND DEVELOPMENTH ELECTRIC PDWER# FISHERIES
FIRESTRY# AGRICULTURE

T3W 05395, TvAa - 196%. 1370
TVA, KNOXVILLEs TENN.

92P. CONTENTS: TVA 1969 - HIGHLIGHTS; ECONOMIC GROWTH AND
ENVIRINMENTAL QUALITY - SECKING THE GOLDEN MEAN; MANAGING THE
MJILTIPLE USES DF WATER AND LAND; ELECTRIC POKER PROGRESS:
TIIBUTARY AREA DEVELOPMENT; FORESTRY PROGRESS: FERTILIZER
AND AGRICULTURE PROGRESS.

LAND DEVELDPMENT# ELECTRIC POWERM FORESTRY
ASRICULTURE# FERTILIZERS



TIN=00-5397

TiW=00=-54:4

TIw-00-5417

73w 05397. THE ROLE OF WEATHER FORECASTS IN Tva
RESERVOIR OPERATIONS. FEBRUARY 1969.

CIOPER, AJ

TvA, ANOXVILLE, TENN.

37P. THE EXTENT OF SUCCESS IN THE OPERATION OF THE

CIMPLEX TvA RESERVOIR SYSTEM TO ACHIEVE MULTIPLE PURPOSES IS
DEPENDENT TO & CNNSIDERABLE DEGREE UPON THE AVAILABTLITY
AND RELIABILITY OF OBSERVED AND PREDICTED METEOQROLOGIC AND
HYDROLOGIC INFORMATION. GQUANTITATIVE WEATHER FORECASTS ARE
BECTIMING -INCREASINGLY IMPORTANT IN THE DAILY OPERATIONS OF
THE TENNESSEE VALLEY AUTHDRITY RESERVOIRS TO REALIZE

T4E SYSTEM DBJELTIVES. THE SCUPE OF WEATHER FORECASTS
W4JCH TvA RECEIVES FROM ESSA WEATHER BUREAU, HUL THEY ARE
USED, AND THEIR IMPORTANCE AND EFFECT [N SCHEDUL ING

TH4E OPERATIONS OF THE WATER CONTROL AND POWAER SYSTEMS IS
THE SUBJECT OF THIS PAPER.

WEATHER FORECASTINGH RESERVOIRS

TIW 05404, JINSTEADY FLOW STMULATION IN RIVERS AND
RESERVOTRS.

JIURNAL DF THE HYNRAULICS DIVISION. SEPTEMBER 1969,
P1559=1576&.

GARRISOM, JMH GRANJU, JP# PRICE, JT

TvA, KNOXVILLEs TENN.

PIST MATHEMATICAL MODELING OF UNSTEADY FLOW PHENOMENA

HAS BEEN LIMITED TD PRISMATIC CHANNELS AND SOMEWHAT
1DEALIZED CINDITINNS. THE TENMESSEE VALLEY AUTHORITY
(TVA) USING THE MUMERICAL METHODS DEVELOPED BY STOKER HAS
SJCCESSFULLY APPLIED THEM T0O A NUMBER OF COMPLEX UNSTEADY
FLOW CONDITIDNS wWHICH HAVE DCCURRED DR ARE REXPECTED TO
UsCUR IN SOME 0OF THE AUTHORITY*S RESERVOIRS AND NATURAL RIVER
CHANNELS.

THE RESULTS SHOW THE ADVANTAGES AND APPLICABILITY JF THE
GIGITAL COMPUTER NVER QUASISTEADY FLOW METHODS OF

HANDL ING UNSTEADY FLOW PROBLEMS. ALSO PDTNTED (QUT ARE
AYEAS IN THE MATHEMATICAL MODEL IN WHICH OIFFICULTIES HAVE
BEEN ENCOUNTERED ALDNG W{TH THE METHODS REWJUIRED TO

Ov ERCIME THEM. THESE ARE DESCRIBED TO ASSIST OTHERS IN

US ING THE MODEL.

Ma THEMATICAL MODELSH DIGITAL COMPUTERS
UNSTEADY FLOW# SIMULATION

73W 05417. SENSDR DEFINITION STUDY IN SUPPORT OF UNIFIED
SPACE APPLICATIONS MISSION {USAM). FEBRUARY 196%.

I3M, BETHESDA, F5SD

NAS5-10436

250P. THIS REPORT PRESENTS THE RESULTS OF A SENSOR
DIFINITION STUDY IN SUPPORT OF THE UNIFIED SPACE APPLICATIDNS
MISSIJ% CONCEPT. THE STUDY DETERMINED THE IMPDRTANT
CAARACTERISTILS OF REQUIRED SENSORS AND IDENTIFIED
CIMMONALITY ASPECTS OF SENSORS AND ORBITS TO PERFORM USEFUL
EARTH ORIENTED TASKS IN THE 1970 AND 1975 TIME FRAMES. IT
ALSD IDENTIFIED EXPERIMENT (TASK) PARAMETERS AGAINST WHICH
SENSOR PERFORMANCE WAS EVALUATED.

DETECTORS# IEMDTE SENSING# ARTIFICIAL SATELLITES



7IM=00-5419

TIN=-00-5424

TiW-00-5470

TIA-00-5431

73W 05413. FARTH ORBITAL EXPERIMENT PROGRAM.
i1amM, FSD

93P.  UNDERLYING THE RECOMMENDED SYNTHESIS APPRUACH IS

THAE RECOGNITION THAT ORL, OF WHICH AAP IS THE INITEIAL
EYBODIMENT, REPRESENTS NOT JUST A PLATFORM FOR PERFORMING
UNRELATED EXPERIMENTS BUT A WORKSHOP FOR CONTRIBUTING

T1 SOLUTION OF NATIONAL AND INTERNATIONAL PROBLEMS AND

EJR JLLUMINATING CRUCIAL SCIENTIFIC QUESTIUNS. THIRTEEN
FIELDS DF ALTIVITY, CALLED SCIENVIFIC/TECHNICAL (S/T) AREAS,
WERE INDENTIFIED AS POTENTIALLY BENEFITING FROM ORL.

EARTH DRBITS# SPACE EXPLORATION

TIW 05424, THE PRESIDENTS 1971 ENVIRONMENTAL PHOGRAM.
MARCH 1971.
TRAINs RE# CAHN, R# MACODUNALD,y GJ
CIUNCIL ON ENVIRONMENTAL QUALITY

L4
3)5P. THIS REPORT CONTAINS THE PRESIDENTS MESSAGE ON THE
ENVIRINMENT AND SPECIFIC INFORMATION DN THE PRESIDENTS 1971
PROPOSALS. INCLUNED ARE THE BILLS, THE LETTERS OF
TAANSMITTAL T3 THE CONGRESSs AND ANALYSES OF THE PROPOSED
LEGISLATION.

" ENVIRINMENTS

N69-34930. PITENTIAL BENEFITS T0O BE DERIVED FROM
APPLICATIONS DF REMOTE SENSING OF AGRICULTURAL, *
FIREST, AND RANfE RESOURCES. DECEMBER 1967.
BELCHER, DJ# HARDY, EE# SHELTON, RL# SHEPIS, Et
CIRMNELL UNIV.y ITHACA, N,Y.

N59=34930# NASA-CR-103946

150P. THIS REPJIRT EXPLORES THE USES AND ASSOCIATED

VALUES OF THE INFORMATION WHICH CAN NOW OR IN THE FUTURE

B PROVIDED BY REMOTE SENSING FRDM CONVENT IOMAL AND HIGH
FLYINS ATRIRAFT AND FROM SATELLITES. SUPPORTING MATERLAL,
CIMPRISING TECHNICAL AND ECOMOMIC ANALYSES UF THESE USES
{OR APPLICATIONS), STEMMED FROM A DETAILED AND CRITICAL
EVALUATION OF REMOTE SENSORS AND OF THE AGRICULTURAL
FIREST, AND RANGE RESOURCES TD WHICH THEY ARE APPLIED. THE
OBJECTIVE OF THE REPORT IS TU INDICATE THE MAGMITUDE OF THE
PITENTIAL VALUFES THAT MAY BF DERIVED FROM REMOTE SENSING OF
THESE RESOURCES.

RIMOTE SENSINGA AFRCRAFTH# ARTIFICIAL SATELLITES

N70-25632. REVIEW OF NEW GEDGRAPHIC METHODS AND
TZCHNIQUES. QUFSTIONNAIRE SURVEY. WATER RESOQURCES
PLANNING AND MANAGEMENT. RECENT TRENDS IN REMOTE SENSING
TECHNILIGY. JCTORER 1969.

TATA, RJ# PALMER, CE# WITMER, RE

FLORIDA ATLANTIC UNIV., 80CA RATON

NT0-2556324 ADTGOLTG

G7P. IN DOING WORK FOR A RESEARCH PROJECT ON NEW
GEOGRAPHIC METHODS AND TECHNIQUES: THE THREE REPORTS AND
BIBLIJIGRAPHIES INCLUDED IN THIS STUDY WERE DEVELOPED.
BECAUSE THE REPORTS ARE OF INTEREST, BUT NOT BIRECTLY
RELATEDy TO THE CENTRAL GDAL OF THE METHODOLOGICAL
TREATISE, THEY ARE PRESENTED FDR RESEARCHERS CONCERNED.
HE FIRST RFPORT SUMMARIZES THE RESULTS OF A QUESTIONNAIRE
SJRVEY OF GEUGRAPHERS WHO ARE ACTIVE IN RESEARCHING
METHODOLOGICAL TIPICS: THE SECOND REPORT DEALS WITH THE
GEOGRAPHERS ROLE IN STUDIES DF WATER RESOURCE PLANNING AND
MANAGEMENT; AND THE FINAL STUDY COMPRISES REPORT AND
BIBLIJGRAPHY ON NEW SYSTEMS OF REMDTE SENSING TECHNIQUES.

" REMOTE SENSING® GEOGRAPHY# WATER RESOURCES
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Tin=-00-5432

TTW-00-5417

T3W-00-5459

T14-00-5460

N70-181%6. OCEANOGRAPHY USING REMOTE SENSING. JANUARY 1969
CAPURRO, LR

TEXAS A AND M UNIV., COLLEGE STATION

N70=-181064 ADGB29319# NASA-CR-107898

1397, AIRBORNE TESTS OF MULTISPECTRAL REMOTE SENSORS WERE
CINDUCTED DN EIGHT OCCASIONS DURING JULY 1966 TO SEPTEMBER
1368 DVER THE MISSISSIPPI DELTA AREA AND EASTERN GULF OF
MEXICD TD DETERMINE THEIR USEFULNESS IN SURVEYING RIVER,
CIASTAL AND OFEP SEA PHENOMENA. FUUR OF THESE TESTS WERE
SJPPORTED CONCURRENTLY BY UCEANOGRAPHIC RESEARCH VESSELSS
PASSIVE REMDTE SENSORS, INCLUDING METRIC CAMERAS, INFRARED
IMASERS AND MICROWAVE RADIGMETERS. STUDIES INTU THE
RELATIONSHIP RETWEEN LOW CLOUD DEVELOPMENT AND HORIZONTAL
ANUMALIES IN THE SEA SURFACE TEMPERATURE FIELD aND STUDIES
INTO BASTC MICROWAVE RESFARCH HAVE BEEN CONDUCTED.

OZEANDGRAPHY# REMOTE SENSING

N71-15653. REMITE SENSING PROJECT. PHASE C: AGRICULTURE.
SEPTEMBER 1973.

CIELHD, AGH MCNEILL, HW

CIMISSATZ NACIONAL DE ATIVIDADES ESPACIAIS, SAQ

JOSE DOS CAMPOS, BRAZIL

N71-156534 TR-LAFE-13Z2

132P. BRAZILIAV AGRICULTURAL REMOTE SENSING

RESEFARCH PROJECTS ARE DESCRIBED. SUBJECTS DISCUSSED ARE:
(L} FIELD MEASUREMENTS, {2} COFFEE SPACING, {3) SDILS,

t4) S52IL NUTRIENT STATUS, {5) LAND USE CAPABILITY, (&) YIELD
PREDICTION, (T7) PRIMARY YIELD EVALUATION, (8) TOLERANCE
THEORY, {9} SYSIEM FUR CRUP BCOUNDARY AND NATURAL VEGETATION,
AND (10) BDUNDARY RECOGNITION.

REMOTE SENSING# AGRICULTURE

T3W 05459, PRINCIPLES DF DPTICAL DATA PROCESSING FOR
ENGINEERS. AUGUST 1966.

SHULMAN, AP

GIDDARD SPACE FLTGHT CENTER, GREEMBELT, MD.

120P., THIS DDCUMENT [S PRIMARILY WRITTEN FOR ENGINEERS AS A
SZLF TEACHING TEXT ON OPTICAL DATA PADCESSING. BASIC
FINDAMENTALS NECESSARY FOR UNDERSTANDING THE SUBJECT ARE
REVIEWED AND EXPANDED UPON TD GIVE A CLEAR UNDERSTANDING AND
LIRKING KNOWLERGE DF THE ENTIRE AREA, INCLUDING: OPTICAL
SPECTAUM ANALYSISy DPTICAL CORRELATION, PHUTOGRAPHIC FILM
CAARACTERISTICS, AND HOLOGRAPHY. IN ADDITION, THIS

DICUMENT INTRODUCES THE USE OF MATHEMATICS TO DESCRIBE

TH4E VARINDUS OPTICAL OPERATIONSs THUS FORMING A BACKGROUND
FIR UYDERSTANDING MDRE ADVANLCED WORKS IN THE FIELD.

QPTICAL STORAGE# DATA PROCESSINGH HOLOGRAPHY

T2-39, DIGITAL SIMULATION IN HYDROLOGY: STANFORD

WATERSHED MODDEL 4. JULY 1966,

CRAWFDIADs NHE LINSLEY, RK

STAMFORD UNIV., CALIF.

TR=-39

210P. TABLE OF CONTENTS: SIMULATION METHODS AND HYDROLOGIC
MIDELS; THE HYDROLOGIC CYCLE: A GENERAL SIMULATION MODEL;
OPERATION OF THE MODEL; SIMULATION RESULTS: AND APPLICATIONS
OF SIMULATIDN.

HYDROLOGY# DIGITAL STMULATION# WATERSHEDS
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73d-00-5503"

TIW=-00-5504

T2R-00-5506

TiW~00-5507

M3C-02576-VIL. 1. EARTH RESOURCES RESEARCH DATA FACILITY
INDEX. VOLUME 1 - DDCUMENTARY DATA. JANUARY 1971.
MANNED SPACECRAFT CENTER, HOUSTON, TEX.

MSL-02576-VIL. 1

2550,  THIS DOCUMENT [S PRESENTED IN TWO VOLUMES AND 15 THE
CUMULATIVE T1SSUE OF THE EARTH RESOURCES RESEARCH DATA :
FACILITY (ERRDFY INDEX. VOLUME 1 LISTS ALL EARTH RESDURCES
PRUGRAM DOCUMENTARY INFORMATION THAT IS AVAILABLE AT THE
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION'S MANNED
SPAZELRAFT CENTER. THE INFORMATION CATALDGED IN THIS VOLUME
IS5 DIVIGED INTO TWO MAJOR OATA CATAGORIES AS FOLLOWS:

PART 1 - TECHNICAL DOCUMENTS AND MAPS, AND PART 2 - SATELLITE
DATA.

RESOURCESH EARTH /PLANET/# DOCUMENTS

MSC-02576-VIL. 2. EARTH RESDURCES RESEARCH DATA FACILITY
INDEX. VOLUME 2 - SENSOR DATA. JANUARY 1971. °

MANNED SPACECRAFT CENTERs HOUSTON, TEX.

MSC-02576-V0L. 2

120P. THIS DOCUMENT IS PRESENTED IM TwO VOLUMES AND IS5 THE
CUMULATIVE ISSUE OF THE EARTH RESOURCES HESEARCH DATA
FACILITY (ERIDF) INDEX, INCLUDED IN VULUME 2 OF THE INDEX
ARE SENSUR DATA COLLECTED LDURING FLIGHTS DVER TEST SITES AND
FROM MISSIUNS FLOWN BY SUBCONTRACTORS SUPPDRTING THE EARTH
RZSOURCES SURVEY PROGRAM. THE INFORMATION CATALOGED IN THIS
VILUME IS DIVIDED [NTO THREE MAJOR DATA CATAGORIES AS
FILLOWS: PART 3 - FUNCTIONAL AND CHECK OUT DATA, PART 4 -
IMAGERY DATA, AND PART 5 - ELECTRONIC DATA.

RESUURCES#H EARTH /PLANET/# DETECTION

TIW 05506, PROCEEDINGS DOF IES 1969 ANNUAL TECHNICAL MEETING.
APRIL 1969.
INSTITUTE OF ENVIRONMENTAL SCTENCES

645P. SOME JF THE SPECIFIC ENVIROMMENTS EXPLORED DURING THIS
MEETING WERE POLLUTION, TRANSPORTATION, NOISE. AND
BIOENGEINEERING.

PILLUTIONR NJISE /SJUND/S# TRANSPORTATION
BIOENGINEERING

NASA-CR-1380. STUDY OF AIR POLLUTANT DETECTION BY REMDTE
SENSORS. 196B.

LUDWIGy CE# BARTLE, R# GRIGGS, M

GENCRAL DYNAMICS CORP., SAN DIEGO, CALIF.

NASA-CR~138)0# GDC-DBE&B-0O11 .

150P, IN TH4S STUDY THE FEASIBILITY OF DETECTING THE MAJOR
AIR PILLUTAMTS BY EARTH DRIENTED, SATELLITE BORNE SENSORS IS
INVESTIGATED. IN THE FIRST PARY OF THIS REPORT, A& DISCUSSION
OF THE POLLUTANT SPECIES, THEIR DCCURRENCE, FORMATION,
CHEMISTRY, LONMCENTRATION LEVELS, AND DISTRIBUTION PRUFILES
THROUGH THE ATMOSPHERE IS GIVEN. THE PRUOBLEMS OF DETECTION

1N THE UV AND VISIBLE REGLONS,- IN RELATION TO AERODSOL AND

MILECULAR SZATTFRING, ARE DISCUSSED., CALCULATIONS DF SIGNAL
CHANGES EXPECTED £0R% AN IDEAL RAYLEIGH ATMOSPHERE ARE
PRESENTED. SOME CONSIDERATIONS OF AEROSOL (PARTICULATED
PILLUTION DETECTION ARE OISCUSSED. IN THE SECOND PART, A
PERFOIMANCE EVALUATINN OF EIGHY DIFFERENT SPECTROSCOPIC
NSTRUMENTS FDR THE REMOTE DETECTION OF POLLUTANTS IS MADE.

AIR POLLUTIONA DETECTIONS REMDTE SENSING
SPACEBORNE DEYECTDRS#® SPECTROSCOPY



TIN-00-5508

I12W=-00-5529

73w-00-5510

T3W-00-5511

73w 0550B., PROCEEDINGS OF I1ES 1968 ANNUAL TECHNICAL MEETVING.
MAY 1968. .
INSTITUTE OF ENVIRONMENTAL SCIENCES

S73¥. THE DEVELOPMENT OF THE TECHNOLOGY BASIC TQ THE
ENDEAVOR DF THE IES HAS IN THE PAST BEEN INSPIRED PRIMARILY
B MILITARY AND AEROSPACE REQUIREMENTS. IT IS TIME FOR THE
ENVIRONMENTAL ENGINEER AND SCIENTIST TO CONSIOER NEW
CIVILIAN APPLICATIONS FOR ENVIRONMENTAL TECHNOLUGY IN OUR
EXPANDING ECONOMY.,

T41S TECHNICAL PROGRAM OF THE ITES INCLUDES NOT ONLY RECENT
DEVELIPMENTS ASSOCIATED WLTH THE MILITARY AND AEROSPACE FIELD
BJT ALSD APPLICATIONS UF ENVIRONMENTAL SCIENCE TQ

HIGH=SPEED TRANSPORTATION, POLLUTION CONTROL AND OTHER AREAS
OF EFFORT AIMED AT [MPROVING MANS LOT.

TLANSPORTATIONS POLLUTION

NTC-14072 T43U NT70-14104. REMOTE SENSING DF THE ENVIRONMENT .
AUGUST 1968.

CALIFORNIA UNIV., LOS ANGELES

N70-14072 THRU MTO-141044 REPT-807.4

250P. LECTURES GIVEN DURING A SHORYT STUDY COURSE IN REMOYE
SENSING OF ENVIHONMENT ARE PRESENTED, WITH EMPHASIS ON
FINDAMENTAL CONCEPYS, TECHNTQUES AND EQUIPMENT, AND POTENTIAL
APPLICATIONS. IMAGING TECHNIQUES: SPECIFIC TYPES OF SENSOHSe
INCLUDING SIDE LOOKING RADAR SYSTEMS AND MULTISPECTRAL
SZAMNERS: GROUND TRUTH REQUIREMENTS; ENVIRONMENTAL FACTOURS
AFFECTING SYSTEM PERFORMANCE; AND DATA PROCESSING METHODS ARE
TREATED IN DETAIL. FIELDS OF APPLICATION DISCUSSED IN THE
VARIOUS LECTURES ARE METEDRDLOGY, DUEANDGRAPHY, EARTH
RESJUUICE MANAGEMENT ANCD DISCOVERY, GECLOGYs AND GEUOGRAPHY.

REMOTE SENSINGE DETECTORSH UTILIZATION

N?O-42766. EARTH SURVEY BIBLIOGRAPHY: A KWIC INDEX OF REMOTE
SENSING INFORMATION. SEPTEMBER 1970. *

TAOMPS0N, WI

TRANSPORTATION SYSTEMS CENTER, CAMBRIDGE. MASS.

NT-O~42166

269P. A BIBLIOGRAPHY DOF CITATIDONS PERTAINING TQO THE EARTH
RESOURCES PROGRAM IS PRESENTED. THE SCOPE RANGES FROM
DETAILEPD DISCUSSIDNS ON THE POLITICS OF EARTH SURVEY
O2ERATIONS TD SELECTION OF FILM USED FDH AERIAL SURVEYS. THE
BIBL IJOGRAPHY IS INTENDED AS A SOURCE DOCUMENT LEADING TO
SPECIFIC INFJRMATIGN AND SUURCES OF ADDITIONAL INFURMATIDON.

REMITE SENSING# RESOURCES

NT1-16166 THRU N71-16186., EARTH RESOURCES AIRCRAFT

PROGRAM STATUS REVIEW. VOLUME TII: HYDROLOGY, OCEANUGRAPHYU
AND SENSOR STUDIES. SEPTEMBER 1968,

MANNED SPACELRAFT CENTER, HOUSTON, TEX.

NT1-16166 THRU N71-16186# NASA-TMX-62546

530P. OUN SEPTEMBER 16, 17, AND 18, 1968 A REVIEW DOF YARIOQUS
ASPECTS 0IF THE EARTH RESOURCES PROGRAM WAS HELD AT THE
MANNED SPACECRAFT CENTER, HNUSTON,., TEXAS. A REVIEW OF THE
VARIOUS ASPECTS OF THE EARTH RESQURCES PROGRAM, DIVIDED INTOD
GEOLDSY, GEOSRAPHY, HYDROLUGY, AGRICULTURE AND FORESTRY,

AND UTEANDGRAPHY, 15 PHRESENTED. LINFDRMATION IS5 PRESENTED

OV THE CURRENT STATUS OF CONTINUING PROGRAMS, WITH EMPHASIS
DN REMOTE SENSUR APPLICATIONS IN HYDROLOGY AND OCEANUGRAPHY.

HYDROLOSGY# JCEANDGRAPHY# DETECTION
REMOTE SENSING )
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TIH-00-5512

TIW-00-5513

TiW=-00-5525

T2W-00-5600

NT1-11151 THRU N71-11170. SECOND ANNUAL EARTH RESOURCES
AIRCRAFT PRAGRAM STATUS REVIEW. VOLUME 111: HYDROLOGY AND
OZEANOGRAPHY, SEPTEMBER 1969%.

MANNED SPACEZRAFT CENTER. HOUSTON, TEX.

NT1-11151 THRU NT1-11170# NASA-TMX-66481

372P., ON SEPTEMBER 16, 17+ AND 18, 1969 A REVIEW QF VARIOUS
ASPECTS OF THE EARTH RESOURCES PRDGRAM WAS HELD AT THE
MANNED SPACECRAFT CENTER, HOUSTON, TEXAS. CONFEREMCE PAPERS
ARE PRESENTED ON HYDROLOGICAL AND QCEANOGRAPHIC STUDIES:

AND THE USE DF AERIAL AND SPACEBORNE PHOTOGRAPHY, INFRARED
IMAGERY, RADAR DETECTION, AND REMOTE SENSING IN THE STUDIES.

1YDROLOGY# OCEANOGRAPHY# REMOTE SENSING

NASA-SP-7D36., REMOTE SENSING OF EARTH RESGURCES. A
LI TERATURE SURVEY WITH INDEXES. 1970.

NASA, WASHINGTON, D.C.

NA SA-5P-TQ36

17221P. THIS SURVEY INCLUDES DOCUMENTS RELATED TU THE
IDENMTIFICATION AND EVALUATION BY MEANS OF SENSORS [N
SPACECRAFT AND AIRCRAFT OF YEGETATIDON, MINERALS, AND OTHER
NATURAL RESOURCES, AND THE TECHNIQUES AND POTENTIALITIES OF
LJRVEYING, IT ENCOMPASSES STUDIES DF SUCH NATURAL PHENOMENA
AS CITIES, TRANSPORTATION NETWORKS, AND IRRIGATION SYSTEMS.

REMITE SENSINGH DETECTURSH# RESOURCES
SPACEBORNE DETECTORSH AIRBORNE DETECTORS

73W 05525, AN INTRIDUCTION TD REGRESSION AND CORRELATION.
MARCH 1966.

SMILLIE, KW

ALBERTA UNIV., EDMONTON, CANADA

158P. THIS 800K WILL B OF ASSISTANCE TO THE PERSON

w40 IS INTERESTED IM A NONMATHEMATICAL ACCOUNT OF
KEGRESSINY ANALYSIS AND WHU IS PREPARED TOQ LEAVE THE
COMPUTATIDNAL ASPECTS TD THE PROGRAMMER AND THE COMPUTER.

RIGRESSION ANALYSIS# CORRELATIDN# DIGITAL COMPUTERS

73W 05600. AIAA EARTH RESOURCES OBSERVATIDNS AND
INFORMAT[ON SYSTEMS MEETING. ANNAPOLIS, MD., MARCH 1970.
CIOLLECTIAN OF TECHNICAL PAPERS.

AMERTCAN INST, 0IFf AERONAUTICS AND ASTRONAUTICS

132P. CONTENTS INCLUDE: DATA ANALYSIS AND REMOTELY SENSED
DATA; A SURVEY DF SENSDRS FOR EARTH RESDURCES SENSING:
FUTURE APPLICATI(NG OF EARTH RESOURCE SURVEYS FROM SPACE;
RESOURCE POLICY, MANAGEMENT, AND REMOTE SENSINGF REMOTE
SENSQRS ~-- A NEW DATA SOURCE FOR AGRICULTURAL STATISTICS.

REMOTE SENSINGH INFORMATION SYSTEMS



T2W=-00-5601
T3W 05601. HYDRDDYNAMICS OF MATHEMATICALLY SIMULATED
SJRFACE RUNDFF. -AUGUST 1968.
CHENs CL¥ CHOWs VT "
ILLINDLIS UNIV.y URBANA.

132P. A MACROSCOPIC HYDRODYNAMIC APPRUACH TO ANALYZE THE
SJRFACE FLOW ON WATERSHEDS IS PRESENTED AND DISCUSSED IN
THIS REPORT., IN THIS APPRDACH, A SET OF SPATIALLY VARIED
UNSTEADY FLOW EQUATIONS, THAT INCLUDE TERMS FOR LATERAL
M455 FLUX, LATERAL MOMENTUM FLUX, UVERPRESSURE HEAD DUE TO
RAINDIOP IMPACT, AND BOUNDARY SHEAR, ARE DERIVED FROM THE
EJQUATION OF CONTINUITY AND THE NAVIER STOKES EQUATIONS FOR
T4E THREE DIMENSIONAL FLOW DOF VISCOUS [NCDMPRESSIBLE FLULD
[N CODPCRATIUN WITH THE KIMEMATIC AND DYNAMIC BOUNDARY
CINDITIONS 24 THE WATER AND GROUND SURFACES OF A WATERSHED.
SEVERAL TYPES UF EXTERNAL AND INTERNAL BODUNDARY CONDITIONS
FIR WATERSHED SURFACE FLOW ARE PRESENTED AND DISCUSSED IN
THI5 REPORT.

HYDROJDYNAMIZSY MATHEMATICAL MODELSH WATERSHEDS

TiN-00-56.2 :
T3IW 056052. COMPUTER SOLUTION OF A HYDHRODYNAMIC WATERSHED
MIDEL (IMW MODEL 2}. MARCH 1971.

KARELIOTIS, SJ# CHOW, VT

ILLINDIS UNIV., URBANA

128P. THIS REPORT DESCRIBES THE GENERAL COMPUTER SOLUTION
OF A HYDRODYNAMIC MODEL OF WATERSHED FLOWs THE 50 CALLED
ILLINOIS HYDRODYNAMIC WATERSHED MODEL 2 (IHW MODEL 2). THIS
MIDEL IS FORMULATED MATHEMATICALLY ON THE BASIS OF THE
CINTINUITY AND MOMENTUM PRINCIPLES, CONSISTING OF THE USE

OF NONLINEA PARTIAL DIFFERENTIAL EQUATIONS AND EMPLOYING
THE CONCEPTS OF UVERPRESSURE HEAD DUE TO RAINDRUP IMPACT AND
T4E ADJUSTMENT (IF THE DARCY WEISBACH FLOW RESISTANCE. FOR
THE COMPUTATIIN JF THE HYDRODYNAMIC MODEL, A SET OF
PROCEDURES IS DEVELDPED FOR THE SELECTION OF THE INITIAL
CONDITIDNS AND FOR THE NUMERICAL SOLUTION AT BOUNDARY
PIINTS, INCLUDING HYDRAULIC JUMPS IN THE FLOW. RESULTS

GF THIS STUDY INDICATE.THAT THE PROPOSED 1HW MOODEL 2 1§

"IN GENERAL FEASIDLE FOR THE SIMULATION (F THE HYDRUDYNAM]
BEHAVIOR OF THE WATERSHED FLOW,

HY DROBYNAMICS# WATERSHEDS ¢ MATHEMATICAL MODELS

TIN=00-56%53 .
R1-36. AN EVALUATION OF RELATIONSHIPS BETWEEN STREAM FLOW
PATTERNS AND WATERSHED CHARACTERISTICS THRQUGH THE USE OF
OPSET. 1970,
JAMES, LD ‘ .
KENTUCKY UNTV., LEXINGTON .
R-36

117P.  SELECTION AMONG ALTERNATIVE FLDOD CONTROL MEASURES
WIULD BF BETTER INFORMED IF BETTER INFORMATION COULD BE
DLTAINED ON THE MARGINAL CHANGE IN FLOOD HAZARD ASSOCIATED
WITH LAND USE AND OTHER CHANGES IN THE TRIBUTARY WATERSHED.
HYDROLOGIC 4IDELING IS THE MOST PROMISING APPROALH TO
ANSAERING THIS QUESTION: HOWEVER, THE USE OF EXISTING MODELS
IS HAMPLRED 8Y THE ABSENCE 0(F INFORMATION CORRELATING MODEL
PARAMETERS WITH PHYSICAL CHARACTERISTICS OF THE wATERSHED.
T) CEAL WITH4 THIS SITUATION, A METHOD WAS DEVELUPED FOR
ESTIMATING THE PARAMETER YALUES FOR THE STANFORD WATERSHED
MIDEL WH[ICH BEST MATCH RECOKRDED WITH SIMULATED STREAMFLOWS.
P4YSIZAL CHARACTERISTICS WERE MEASURED FOR 17 RURAL
WATERSHEDS. CORRELATIONS GBETWEEN THE CHARACTERISTICS AND THE
PARAMFTERS WERE EXAMINED. CHANGES IN PARAMETER VALUES WITH
UIBANTZATIDON WERE ALSO EXAMINED. THE RESULTS WERE USED TO
STUDY VARTATIONS TN DOWNSTREAM FLDOD PEAKS AND IN AVERAGE
ANNUAL FLOOD DAMAGES ASSUCIATED WITH VARIOUS TRIBUTARY
WATERSHED CHARACTERISTICS.

STREAM FLOWH WATERSHEDS# HYDROLOGY



TsW-00-56L 4

13W=-00-5675

TIW-LC~5626

TAW=-00-5607

3% 05604. NUMERICAL SIMULATION OF WATERSHED HYDRULOGY .
AJGUST 1970.
TEXAS UNIV.s AUSTIN

1zap, THE LACK DF CrNTROLLED EXPERIMENTS 1§ ONE OF THE
MAJOR OBSTACLES TO HYDRDLOGIC RESEARCH. THE RESULT HAS BEEN
T4E HIGH SPEED DIGITAL CUMPUTER, IT HMAS BECOME FEASIBLE 10
CINSTRUCT A MATHEMATICAL MODEL OF THE ENTIRE RUNOFF PROCESS.

DIGITAL SIMULATION# WATERSHEDSHE HYDROLOGY

73% 05605. FEARTH RESQURCES EVALUATIDN STUDY (SERIES H-1l.
PROGRESS REPORT JULY 14 - SEPTEMBER 195y 1971.

SEPTEMBER 197T1.

1BM HUNTSVILLE, FSD

NASB-14G00/5A-188%

94pP. CNNTENTS: TECHNICALS NEAR TERM ACTIVITIES; RIVER
FIRECASTING - TECHNICAL APPROACH; AND DATA OBTAINED
IR SELECTED WATERSHED.

HYDROGRAPHY# WATERSHEDS# FLOOD FORECASTING

7iW 05606. EARTH RESOURCES EVALUATION STUDY (SERIES H-13.
WATER FLOW CHARACTERISTIC MODELING STUDY FOR SELECTED
WATERSHEDS BY USING AERIAL AND GROUND SENSED DATA.

I3M tIUNTSYILLE, FSO

33P. ORJECTIVE: INVESTIGATE THE FEASIBILITY OF APPLYING
REMOTE SENSING TO MEASUREMENT CORRELATL{ON AND PREDICTION
OF THE WATER FLOW CHARACTERTSTICS OF SELECTED HYDRUGRAPHIC
CATCHMENTS .

RZMDTE SENSfﬂSﬁ WATERSHEDSH# HYDROGRAPHY

73W 05607. APPLICATION OF THE STANFORD WATERSHED MODEL TO A
SMALL NEW ENGLAND WATERSHED. AUGUST 1968,

DIVIKER, PB

NEW HAMPSHIRE UNIV., DURHAM

225p, THE STANFORD WATERSHED MODEL IS5 A COMPUTER

PAOGRAM WHILH MATHEMATICALLY REPRESENTS THE PORTIONS OF
THE HYDROLDGIC CYCLF WHICH ULTIMATELY PRUDUCE STREAMFLUW.
{7 IS UTILIZED TO SYNTHESIZE THE DISCHARGE OF A SMALL

HEW ENGLAND WATFRSHED. DESCRIPTIONS ARE GIVEN OF

PROBLEMS ENCDUNTERED IN ADAPTING THE PROGRAM TO THE
UNIVERSIFY OF NEW HAMPSHIRE CUOMPUTER AND IN ADJUSTING THE
PROGRAM TO AZZEPT DATA FROM A WATERSHED .DIFFERING IN

MaNY RESPELTS FRIM THE WATERSHEDLS USED TO DEVELOP THE MODEL.
FAIR CORRELATION BETWEEN ACTUAL AND SYNTHETIC DISCHARGE 15
ATHIEVED, AND THE USEFULNESS OF THE MODEL WITH REGARD TD
VERY SMALL STREAM BASINS IS5 SHOWN.

WATERSHEDSH# MATHEMATICAL MUDELSH COMPUTER PROGRAMS



7IW-00-5608

T3IW-02-5609

TIW-00-5610

TIH-00-5612

Tt-12. THE SYNTHESIS OF CONTINUDUS STREAM FLOW
HY DROGRAPHS 0¥ A DIGITAL CDMPUTER. JULY 1962.
CLAWFORD, NH# LINSLEY, RK

STANFIRD UNIVa.s CALIF.

T:-12

121P. THIS STUDY INVESTIGATED THE FEASIBILITY OF
HIPRESENTING THE HYDROLOGIC CYCLE IN A WATERSHED BY A DIGITAL
£IMPUTER MODEL. THE MODEL WAS DASED AS CLOSELY AS
SISSIBLE DN THE PHYSICAL PROCESSES PRESENT IN A WATERSHED ¢
AND PRUNUCED HOURLY STREAMFLOW HYDROGRAPHS USING DAILY
EVAPDTRANSPIRATION AND HOURLY PRECIPITATION DATA. THE
BJRAOJGHS 220 DIGITAL COUMPUTER WAS USED FOR CALCULATIONS.
T4REE CALIFOKNIA WATERSHEDS WITH DIVERSE HYDROLOGIC
CHARACTERISTICS WEHE USED To TEST THE MODEL AND ILLUSTRATE
THE RESULTS DRTAINABLE. SYNTHETIC STREAMFLOW FROM THE
MIDEL AND {(8SERVED STREAMFLDW ARE GENERALLY IN GUQD
ASREEMENT, AND 1T WAS CONCLUDED THAT THE USE OF THE

MIDEL 1S5 FEASIBLE. POSSIBILITIES FOR FURTHER DEVELUPMENT
ARE SUGGESTED.

WATERSHEDSH# MATHEMATICAL MODELS# DIGITAL COMPUTERS

Ri-40. MEASURING THE INTANGIBLE VALUES OF NATURAL STREAMS,
PART 1. APPLICATION OF THE UNIQUENESS CONCEPT. JUNE 1971.
DEARINGERy JA# WOOLWINE. GM

KENTUCKY UNIV.e LEXINGTON

R3-4Q

BoP, THE PURPOSE OF THIS STUDY WAS TO APPLY THE

UNIQUENESS CUNCEPT TO THE QUANTIFICATION OF THE INTANGIBLE
VALUES DF NATURAL STREAMS. IT INVOLVES THE EVALUATION OF A
SET NF CHARACTERISTICS OR FACTORS FOR SELECTED STREAM SITES.
EACH FACTOR IS RATED FOR EACH SITE ON A NUMERICAL SCALE
INDICATIVE 1F THE RANGE OF POSSIBLE VALUES FOR THAT FACTOR.
AY UNIQUENESS RATIO {THE RECIPROCAL OF YTHE NUMBER OF

STREAM SITES SHARING A GIVEN CATEGORY RATING) IS THEN
CIMPUTED FOR EACH STREAM FGR EACH FACTOR IN THE SET. THE
PLESENT STUDY UTILIZED AN INVENTORY DF FIFTY-F(UR FACTORS
WH1CH WERE EVALUATED FOR EACH STUDY STREAM. THE INVENTORY
W&S DIVIDED INTO FIVE FACTUR GROUPS: PHYSICAL MEASURES,
LAND USE MEASURES, WATER QUALITY MEASURES, DISVALUES AND
ESTHETIC [MPRESSION MEASURES.

STREAMSH# LAND USEH WATER QUALITY -

73W 05610. EARTH RESQURCES EVALUATION STUDY {SERIES H-1).
PIOGRESS REPDRT SEPTEMBER 16 -~ NOVEMBER 12, 1971.

DECEMBER 1971,

IBM HUNTSVILLE, F5D

NASB-14000/5A—-1883

145P. CONTENTS: TECHNICAL PROGRESS: NEAR TERM ACTIVITIESS
GINEKAL DESCRIPTION AND SAMPLE DATA WHITE HOLLOW

W6 TERSHED; PHOTOGRAPH INTERPRETATION RESULTS: AND
SELECTED PRUGRAMMING TOPICS.

WATERSHEDS# HYDRNGRAPHYH PHOTOINTERPRETATION

73w 05612. HYDROLOGIC DIGITAL MODEL OF WILL IAMETTE BASIN
TTIBUTARIES FDR (OPERATIONAL RIVER FORECASTING. OCTOBER 1967.
KJEHL, DWH SCHERMERHORN, VP

ENVIRDONMENTAL SCIENCE SERVICES ADMINISTRATION

33p, THE DI5ITAL COMPUTER PROGRAM DEVELOUPED TO SYNTHESIZE
THE RESPONSE OF A COMPLEX RIVER BASIN TO THE INPUT OF
RAINFALL AND SNOWMELT 15 DESCRIBED WITH EMPHASIS ON ITS USE
IN RUVER FORECASTING DPERATION. APPLICATION OF THE MODEL,
T3] A SAMDLE BASIN IN THE WILLAMETTE DRAINAGE I5 SHOWN AND
T4E MODFL CDEFFICIENTS FOR THE ENTIRE NATURAL WILLAMETTE
BASIN ARE PRESENTED.

DIGITAL SIMULATIUNS RIVERSH FORECASTING
HYDROLOGY# COMPUTER PROGRAMS
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